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LETTER  OF  TRANSMITTAL 


U.  S.  Depabtment  of  Agriculture, 

Bureau  of  Soils, 
Wdshington,  D.  C,  June  £4, 1907, 
Sir:  I  have  the  honor  to  transmit  a  manuscript  entitled  Fertility 
of  Soils  as  Affected  by  Manures,  by  Frank  D.  Gardner,  in  charge  of 
Soil  Management.  It  embodies  the  results  of  a  uniform  scheme  of 
manurial  treatments,  as  measured  by  the  resulting  increase  in  plant 
growth  on  soils  collected  from  220  fields  in  23  States,  located  in  the 
eastern  half  of  the  United  States. 

The  increasing  use  of  manures,  and  especially  of  commercial 
fertilizers,  by  the  farmers  of  the  United  States  is  sufficient  justifica- 
tion for  careful  investigations  as  to  the  relative  efficiency  of  various 
forms  of  manures  on  different  soils.  You  will  find  here  a  vast  amount 
of  data,  treated  in  a  manner  commensurate  with  the  importance  of 
the  subject.  It  should  be  of  great  value  to  all  who  are  interested  in 
the  use  of  manures. 

The  manuscript  has  been  gone  over  carefully  with  Assistant  Secre- 
tary Hays,  who  concurs  in  my  recommendation  for  its  publication 
as  Bulletin  No.  48  of  the  Bureau  of  Soils. 
Respectfully, 

Milton  WnrrNEY, 

CTiief  of  Bureau . 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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FERTILITY  OF  SOILS  AS  AFFECTED  BY  MANURES; 


INTRODtrCnON. 


The  use  of  manures  as  a  means  of  increasing  the  growth  of  crops 
dates  back  to  ancient  times.  At  the  time  of  the  discovery  of  America, 
the  North  American  Indians  used  dead  fish  as  a  manure  for  com. 
The  Peruvians  have  used  guano  since  the  beginning  of  their  recorded 
history,  and  the  Chinese  have  long  recognized  the  value  of  all  kinds 
of  excrements  as  fertilizers.  In  the  early  part  of  the  last  century 
De  Saussm-e  established  the  existence  of  the  mineral  constituents  of 
the  soil  in  plants,  and  while  he  beUeved  that  they  were  essential  to  the 
life  of  plants,  his  contemporaries  regarded  them  as  nonessential, 
or  at  the  best  useful  only  as  a  kind  of  stimulant. 

Justus  Von  Liebig,  as  a  result  of  his  investigations,  published  in 
1843  a  new  edition  of  his  notable  work,  *^  Chemistry  in  its  Application 
to  Agriculture  and  Physiology,"  in  which  it  may  be  said  he  laid  the 
foundation  of  the  celebrated  *^  mineral  theory"  of  agriculture. 

Prior  to  the  time  of  liebig  the  use  of  manures  and  fertilizers  was 
purely  an  art,  the  beneficial  results  of  which  had  not  been  satisfac- 
torily explained.  Liebig's  mineral  plant  food  theory'-,  apparently 
so  ample,  and  in  time  widely  accepted,  attributed  the  beneficial 
effect  of  fertilizers  solely  to  the  plant  food  constituents  which  were 
supplied  to  the  growing  plants,  and  thereby  laid  the  foimdation  for  the 
compoimding  of  fertilizers  to  meet  the  needs  of  soils  and  crops. 
There  soon  sprang  into  existence  a  soil  chemistry  which  had  for  its 
object  an  investigation  of  the  stores  of  plant  food  in  soils  with  a 
view  to  ascertaining  the  agricultural  value  of  lands,  as  well  as  the 
character  and  amoimt  of  fertilizer,  if  any,  that  would  give  the  largest 
net  crop  income  per  acre.  It  w^as  soon  learned  that  the  soil  con- 
stituents existed  in  various  forms  or  compounds  not  all  of  which 
were  available  as  plant  food,  and  this  led  to  a  study  of  inexpensive 
methods  of  determining  the  available  constituents,  a  study  which 
has  formed  no  small  part  of  soil  chemistry  even  down  to  the  present 

a  A  comparative  study  of  the  fertility  of  the  soils  of  the  central  and  eastern  United 
States,  as  influenced  by  manures  and  fertilizers  and  measured  by  the  paraffin-pot 
method. 
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time,  with  little  indication  that  a  method  ¥dll  ever  be  devised  that 
will  prove  universally  satisfactory  for  all  soils  and  crops. 

So  far  as  can  be  gleaned  from  the  writings  of  soil  investigators,  only 
within  recent  years  have  any  considerable  number  of  them  come  to 
realize  that  there  is  no  definite  relation  between  the  available  plant 
food  constituents  of  soils,  as  determined  by  mineral  analysis,  and 
their  crop-yielding  capacities.  Neither  had  they  arrived  at  that 
further  realization  that  the  crop-yielding  capacity  of  a  soil  is 
dependent  upon  a  complexity  of  factors,  any  one  of  which  may  be 
dominant,  but  all  of  which  are  concerned  in  large  or  small  degree. 

Arable  soils  contain  the  organic  remains  of  previous  crops  together 
with  excretions  produced  during  their  growth  and  are  also  filled  with 
living  forms.  Their  bacterial  flora  is  diversified  and  the  activities 
and  processes  which  take  plaCe  within  the  soil,  physical,  chemical, 
and  biological,  are  exceedingly  complex,  and  at  present  but  imper- 
fectly understood.  It  is  the  sum  total  of  these  activities  and  their 
products  that  determines  largely  the  fitness  of  a  soil  for  plants, 
rather  than  the  variation  in  the  character  and  composition  of  its 
mineral  matter.  While  manure  and  fertilizers  may  often  increase 
crop  yields  as  a  residt  of  a  direct  supply  of  plant  food  or  as  a 
stimulant  to  the  plants,  there  is  now  abundant  evidence  that  their 
effect  is  rather  the  result  of  a  direct  action  upon  the  soil,  thereby 
changing  ite  relation  to  plants.  Complex  and  imperfectly  under- 
stood as  is  this  action,  it  is  a  more  satisfactory  explanation  of  the 
benefits  derived  from  fertilizers  than  the  idea  that  the  inconsequential 
amoimts  of  nitrogen,  potash,  and  phosphorus  applied,  as  compared 
with  the  larger  stores  of  those  elements  already  in  the  soil,  shoidd 
be  directly  responsible  for  such  marked  increase  in  groivth  as  fre- 
quently follows  the  application  of  fertilizers. 

The  prime  object  of  manuring  the  soil,  whether  with  stable  manure, 
green  manure,  or  commercial  fertiUzers,  is  to  increase  its  crop- 
yielding  capacity,  and  in  order  to  justify  the  practice  the  resulting 
increase  in  product  must  be  more  than  enough  to  offset  the  cost  of 
the  fertilizers  applied.  That  is  to  say,  the  beneficial  effect  on  the 
present  and  succeeding  crops  must  be  sufficient  to  compensate  for  the 
cost  of  the  fertilizers  and  give  a  profit  on  the  capital  so  invested. 

The  first  noteworthy  use  of  commercial  fertilizers  in  the  United 
States  was  in  1848,  during  which  year  there  was  imported  1,000  tons 
of  guano^  This  was  followed  the  succeeding  year  by  twenty  times 
that  quantity,  after  which  date  the  importation  steadily  increased 
until  188.0,  when  it  reached  its  maximum  and  began  to  fall  off  because 
of  a  failing  supply.  Other  materials,  notably  sodium  nitrate  from 
Chile  and  the  potash  salts  from  Germany,  have  taken  the  place  of  the 
failing  supply  of  guano,  and  these,  together  with  the  development  of 
our  phosphate  mines,  the  use  of  cotton-seed  meal,  and  the  utilization 
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of  slaughterhouse  by-products,  have  met  the  continually  increasing 
demand  for  commercial  fertilizers  by  our  fanners.  According  to  our 
census  reports,  the  expenditure  for  fertilizers  in  the  United  States 
in  1880  was  $28,500,000.  Ten  years  later  it  was  $38,500,000,  and  in 
1900  it  reached  the  significant  sum  of  $54,750,000.  Ther^  seems 
little  doubt  that  this  rate  of  increase  in  the  use  of  fertiUzers  will 
continue  for  some  time  to  come,  and  the  subject  is  one  of  sufficient 
national  importance  to  justify  careful  investigations. 

OBJECT  OF   THE    INVESTIGATION. 

The  object  of  this  investigation  is  not  for  the  purpose  of  explaining 
how  fertilizers  act  nor  of  studying  the  relation  of  the  composition  of 
the  soil  to  the  beneficial  effect  of  the  fertilizer  when  applied  to  it, 
but  rather  to  compare  the  effects  of  several  high-grade  standard 
fertilizer  ingredients,  lime,  stable  manure,  and  cowpea  vines  when 
appUed  under  like  conditions  to  a  large  number  of  soils,  collected 
from  widely  separated  areas  and  representing  a  wide  range  in  soil 
texture,  type,  origin,  and  crop  adaptation.  By  making  a  comparative 
test  of  a  large  number  of  soils  it  was  thought  that  there  might  be 
established  a  relation  between  the  manurial  requirements  and  the 
origin,  formation,  type,  or  crop  adaptation  of  the  soil. 

While  there  has  been  recorded  in '  agricultural  Uterature,  in  the 
aggregate,  a  large  number  of  field  tests  of  fertilizers  on  a  great  variety 
of  soils,  representing  nearly  every  State  in  the  eastern  half  of  the 
United  States,  it  is  impossible  to  make  a  satisfactory  comparison  of 
the  results  obtained,  because  of  the  innumerable  details  in  which  the 
conditions  of  the  tests  do  not  agree.  The  variation  in  the  amount, 
class,  kind,  and  composition  of  the  fertilizer  used,  the  time  and 
manner  of  its  appUcation,  the  test  crop  used,  and  the  weather  condi- 
tions which  prevailed  form  such  a  wide  range  of  possible  combinations 
that  it  is  rare  to  find  two  tests  that  are  strictly  comparable. 

In  the  present  investigation  the  same  variety  of  wheat  was  used 
throughout  as  the  test  crop,  and  all  of  the  conditions  for  growth, 
excepting  the  manurial  treatments  to  be  tested,  were  maintained  as 
nearly  uniform  as  possible.  With  the  same  fertilizer  ingredients,  in 
like  form  and  used  in  the  same  combinations,  for  a  crop  common  to 
all,  the  results  obtained  from  this  large  number  of  soils  are  strictly 
comparable,  and  far  exceed  in  number  any  similar  tests  that  can  be 
brought  together  on  such  a  basis. 

Mention  should  also  be  made  of  the  fact  that  all  tests  reported  in 
the  following  tables  under  areal  surveys — and  they  constitute  fully 
four-fifths  of  them — were  made  for  the  further  purpose  of  gaining 
practical  knowledge  concerning  the  manurial  requirements  of  the 
principal  soil  types  as  estabUshed  by  the  soil  survey  parties  and  with 
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the  ultimate  object  of  determining  what  manures  or  fertilizers  ^^ould 
give  best  results  on  the  soils.  The  results  of  all  such  tests  are  reported 
in  general  terms  in  the  soil  survey  reports  for  the  respective  areas  in 
which  they  occur. 

THE   SOILS. 

The  soils  tested  in  this  investigation,  220  in  number,  represent  90 
types,  half  that  number  of  soil  series,  and  many  geological  forma- 
tions. The  samples  were  taken  from  twenty-three  States,  extending 
from  the  Mississippi  River  to  the  Atlantic  seaboard  and  from  Rhode 
Island  to  Texas.  With  the  exception  of  a  limited  number  of  mis- 
cellaneous samples,  the  greater  number  were  collected  from  areas 
that  were  in  process  of  being  surveyed  by  the  Bureau  of  Soils  dur- 
ing the  summer  of  1905,  and  the  following  winter,  and  are  representa- 
tive of  the  soils  of  those  areas  rather  than  the  vast  expanse  of  country 
included  in  the  twenty-three  States  above  mentioned.  Each  sample, 
being  a  composite,  made  up  of  fifteen  or  twenty  small  samples,  taken 
from  different  parts  of  the  same  field,  is  representative  of  the  field  from 
which  it  is  taken  as  well  as  the  type  which  it  represents.  The  sam- 
ples were  placed  in  strong  grain  bags  and  shipped  to  the  Bureau's 
headquarters,  where  they  were  at  once  transferred  to  covered  g:al- 
vanized  iron  cans  for  storage.  In  this  way  the  original  condition 
and  original  moisture  content  were,  as  far  as  practicable,  maintained 
until  they  could  be  tested.  This  is  important  in  relation  to  the  test, 
for  it  has  been  found  by  experience  that  as  a  result  of  long  storage 
and  resulting  air-dry  condition  soils  become  more  productive  and 
are  usually  less  responsive  to  fertilizers  than  when  such  a  change  is 
prevented. 

THE    METHOD. 

The  paraffin-pot  method,  described  in  Circular  No.  18  of  tliis 
Bureau  and  in  the  appendix  to  Farmers'  Bulletin  No.  257  of  Hid 
United  States  Department  of  Agriculture,  was  employed  in  these  tests, 
and  while  it  is  not  designed  to  supersede  field  tests,  results  obtained 
with  it,  when  compared  with  results  obtained  on  the  same  soils  at 
the  agricultural  experiment  stations  in  Rhode  Island,*  New  York, 
Ohio,^  Iowa,  Missouri,  and  North  Carolina,  show  that  it  will  indicate 
the  manurial  requirements  of  soils  for  general  farm  crops  with  a  fair 
degree  of  accuracy.  It  is  also  admirably  adapted  to  an  investigation 
of  the  character  described  in  the  following  pages. 

The  soil  to  be  tested  is  thoroughly  pulverized  by  crushing  all  lumps, 
and  if  containing  stone  or  gravel  this  is  removed  by  sifting.  The 
sample  is  then  thoroughly  mixed  and  equal  amounts  weighed  into 

a  See  Bui.  109  of  the  Rhode  Island  Expt.  Sta. 

ft  See  Buls.  Nos.  167  and  168  of  the  Ohio  Agricultural  Expt.  Sta. 
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granite-ware  pans,  where  they  receive  their  respective  applications 
of  manure  or  fertilizers  and  are  made  up  to  their  optimum  water 
content  with  distilled  water.     After  remaining  in  the  pans  for  about 
a  week,  being  occasionally  wet  with  distilled  water,  and  frequently 
stirred  in  order  to  secure  a  thorough  incorporation  of  the  fertilizer 
and  a  good  soil  condition,  it  is  ready  to  pot  and  plant.     Five  small 
wire-gauze  pots  are  used  for  each  treatment.     About  350  grams  of 
soil  is  then  placed  in  each  pot,  imiformly  packed,  and  planted  with  * 
six  selected  germinated  kernels  of  wheat,  after  which  the  pots  are 
(lipped  in  melted  paraffin,  which  not  only  forms  an  intimate  contact 
with  the  soil  but  makes  the  pot  water  tight.     The  soil  is  then  cov- 
ered with  a  thin  layer  of  washed  quartz  sand  and  the  pot  and  con- 
tents weighed  and  weight  recorded.     The  pots  are  next  placed  in 
trays  and  given  a  favorable  exposure  in  the  greenhouse  for  three  or 
four  days  or  until  the  plants  attain  a  height  of  about  1}  inches,  at 
which  time  the  pots  are  sealed.     The  sealing  consists  of  covering 
the  tops  with  paraffined  paper  disks  in  which  are  slits  through  which 
the  plants  grow.     The  disks  are  sealed  to  the  sides  of  the  pots  by 
means  of  melted  paraffin.     The  loss  of  water  by  direct  evaporation 
from  the  soil  is  in  this  way  reduced  to  a  negligible  quantity. 

During  the  growing  of  the  plants,  which  usually  continues  from 

eighteen  to  twenty-one  days  from  the  date  of  sealing,  the  pots  are 

weighed  at  intervals  of  two  or  three  days  and  watered  with  distilled 

water  in   order  to  retain  a  favorable  moisture  content  for  plant 

growth.     By  this  method  the  loss  of  water  or  the  amount  transpired 

by  the  plants  may  be  ascertained  periodically,  and  at  the  end  of  the 

experiment  the  total  amount  of  water  given  off  through  the  plants 

of  each  pot  obtained  for  comparison  with  the  growth  and  green 

weight  of  the  plants,  which  is  ascertained  by  cutting  and  weighing 

the  plants  at  the  time  the  experiment  is  concluded.     All  conditions 

of  the  experiment  are  so  carefully  controlled  that  the  average  result 

of  five  pots  rarely  differs  more  than  5  per  cent  from  the  average 

result  of  any  other  five  pots  that  have  been  treated  throughout  in 

precisely  the  same  manner  (see  Table  I).     Differences  which  occur 

beyond  this  amount  may  therefore  safely  be  attributed  to  the  different 

nianurial    treatments   which   have   been  given.     This   method   has 

several  advantages  over  the  growing  of  plants  in  open  and  porous 

pots.    The  method  of  coating  the  soil  with  paraffin  prevents  any 

accumulation  of  roots  between  the  soil  and  the  receptacle,  a  trouble 

which  is  commor^  in  pot  experiments.     The  complete  sealing  up  of 

the  soil  also  enables  the  experimenter  to  determine  the  amount  of 

water  which  the  plant  has  actually  used  and  transpired  in  its  process 

of  growth,  and  this,  together  with  the  small  size  of  the  pots,  enables 

the  moisture  content  and  its  fluctuations  to  be  carefully  controlled. 
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On  good  soils,  or  as  a  result  of  favorable  treatment,  plants  are 
produced  in  the  little  pots  in  twenty-five  days  or  less  time,  the  green 
weight  of  which  sometimes  equals  or  exceeds  1  per  cent  of  the  weight 
of  the  soil  in  which  they  grew.  Such  plants  are  approximately  85 
per  cent  water;  they  have  transpired  about  100  units  of  water  for 
each  unit  of  green  matter  produced,  and  their  dry  matter  is  relatively 
richer  in  mineral  constituents  and  nitrogen  than  that  of  mature 
plants.  On  this  basis,  an  acre  foot  of  soil,  weighing  3,500,000  pounds, 
would  produce  35,000  pounds  of  green  matter,  requiring  for  its  pro- 
duction the  equivalent  of  17i  inches  of  rainfall.  This  green  matter 
would  be  equivalent  to  5,900  pounds  of  air-dry  material,  or  about 
50  bushels  of  wheat  and  IJ  tons  of  straw  to  an  acre.  While  the 
removal  of  green  matter  equal  to  1  per  cent  of  the  soil  in  the  little  pots 
is  somewhat  above  the  average,  it  serves  as  an  illustration  of  the 
heavy  draft  made  upon  the  soil  in  a  very  short  time,  a  draft,  as 
regards  moisture  and  mineral  constituents,  although  part  of  the 
latter  comes  from  the  seed,  greater  than  that  which  takes  place  under 
field  conditions  by  the  removal  of  a  large  mature  crop,  assuming 
that  the  removal  takes  place  to  a  depth  not  greater  than  1  foot, 
which  for  wheat  and  similar  crops  ^ould  be  approximately  correct, 
and  providing  also  the  movement  of  plant  food  by  capillarity  from 
below  1  foot  be  ignored. 

Table  I. — Actual  transviration  in  grams  /or  each  of  twenty  potSy  on  three  soils ^  under 
uniform  treatment  j  ana  the  percentage  variation  from  the  average  for  each  pot^  also  average 
percentage  variation  of  each  group  of  five  pots. 


Leonardtown  loam.    Com. 


Variation. 


For  each  '  For  each 
pot.      I     pot. 


Grams. 

Per  cent 

69.9 

-  6.5 

77.6 

+  4.9 

58.7 

-20.1 

83.6 

+12.8 

76.5 

+  3.3 

59.1 

-20.2 

72.1 

-  2.6 

79.2 

+  7.0 

73.9 

-  0.2 

74.1 

+  0.8 

82.3 

+  11.1 

66.8 

-  9.8 

70.6 

-  4.6 

68.9 

-  6.9 

89.9 

+21.4 

84.3 

+13.8 

79.0 

+  6.7 

76.4 

+  3.2 

68.3 

-  7.7 

69  7 

-  5.8 

For  6 
pots. 


Per  cent. 


-0.9 


-3.0 


+2.0 


Cecil  clay— poor. 

Leonardtown  loam. 

Transpi- 
ration. 

Variation. 

Transpi- 
ration. 

Variation. 

For  each 

For  each 

For  5    ' 

For  each 

For  each 

For  5 

pot. 

pot. 

pots. 

pot. 

pot. 

pots. 

Cframs. 

Per  cent. 

Per  cent. 

Orams. 

1 
Per  cent. 

Per  <xtU, 

39.3 

+10.1 

87.5 

+  a4 

25.7 

-28.0 

90.5 

+  3.9 

37.7 

+  6.6    1 

[     -2.8 

89.1 

+  2.2 

+3.3 

34.8 

-  2.5 

98.4 

+  12.9 

35.9 

+  0.6    1 

84.8 

-  2.6 

36.8 

+  0.3    ! 

89.9 

+  3.2    ' 

37.3 

+  4.4    1 

99.2 

+  13.9 

38.6 

+  8.1     . 

+  4.1 

87.7 

+  0.7    1 

+1.6 

35.4 

-  0.8    ' 

80.5 

-  7.6 

38.9 

+  8.9 

86.2 

-  2.2 

38.8 

+  8.6 

79.8 

-  8.4 

33.6 

-  5.9 

79.5 

-  8.7 

37.8 

+  5.9 

i     +0.8 

86.1 

-  1.1 

[     -2.7 

38.1 

+  6.7     1 

88.8 

+  1.9 

31.7 

-11.2 

89.5 

+  2.7 

34.7 

-  2.8 

82.4 

-  5.4 

32.3 

-  9.5 

.      83.0 

-  4.7 

39.8 

+  11.2     , 

-2.5 

94.3 

+  8.2    , 

-2.1 

36.9 

+  3.4 

87.4 

+  0.3 

31.2 

-12.6    ' 

f 

i        79.3 

-  8.9 

t 

FERTILIZERS  USED. 
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FERTILIZERS  USED. 

In  this  investigation  the  tests  wer^  confined  to  the  use  of  high-grade, 
standard  fertilizing  materials^  consisting  of  nitrate  of  soda,  sulphate 
of  potash,  and  acid  phosphate,  together  with  air-slaked  lime,  well- 
decomposed  stable  manure,  and  green  cowpea  vines.  These  ingredi- 
ents were  appUed  to  the  soil  separately  and  in  various  combinations 
as  follows: 

Treatment  and  rate  per  acre, 

1.  Untreated. 

2.  Manure,  10  tons. 

3.  Lime,  1  ton. 

4.  Nitrate  of  soda,  200  pounds. 

5.  Sulphate  of  potash,  200  pounds. 

6.  Add  phosphate,  200  pounds. 

7.  Nitrate  of  soda  and  sulphate  of  potash,  200  pounds  each. 

8.  Nitrate  of  soda  and  add  phosphate,  200  pounds  each. 

9.  Sulphate  of  potash  and  add  phosphate,  200  pounds  each. 

10.  Nitrate  of  soda,  sulphate  of  potash,  and  add  phosphate,  200  pounds  each. 

11.  Same,  plus  lime,  2,000  pounds. 

12.  Cowpea  vines  5  tons,  lime  2,000  pounds. 

The  rate  of  appUcation  is  based  on  the  weight  of  an  acre  of  soil  to  the 
depth  of  7  inches,  which  is  approximately  2,000,000  pounds.  The  fer- 
tilizers were  applied  in  solution,  and  the  lime,  manure,  and  cowpea 
vines  in  bulk,  each  being  finely  groimd. 

CALCULATION   OF   RESULTS. 

While  this  report  combines  the  results  of  more  than  13,000  pots, 
individual  record  of  which  has  been  made,  the  results  were  reported 
on  forms,  of  which  the  following  is  a  sample: 

[Can  101.] 

Actual  transpiration  and  green  weight  and  relative  transpiration  and  green  weight  of  SO 

wheat  plants  on  the  basis  of  100  for  the  untreated  soil. 

Soil:  Norfolk  Sandr  Loam.    Locality:  Waycross,  Ga. 

Planted:  Aprtl  5.    Beafed  April  10.    Disotd.:  April  28.    Basket  Nob.:  2066-2125. 


Num- 
ber. 


1 

2 

12 

10 

11 
7 
8 
4 
5 
0 
3 
6 


Tzeatment  and  parts  per  miUion.a 


Untreated 

liannie  10,000 

Cowpeas  5,000,  lime  1,000 

Nitrate  of  soda,  potaasium  sulphate,  and  acid  phos* 

ptaate  100  each 

Same  +  lime  1,000 

Nitrate  of  soda  and  potassium  sulphate  100  each 

Nitrate  of  soda  and  add  phosphate  100  each 

Nitrate  of  soda  100 

Potassium  sulphate  100 

Potassium  sulphate  and  acid  phosphate  100  each 

Lime  1.000 

Add  pnosphate  100 


Transpira- 
tion, 
18  days. 


Oreen 
weight. 


025.9 
833.6 
803.0 
651.9 


8.0 
8.0 
7.0 
6.5 


Relative  varia- 
tion by- 


Transpi- 
ration. 


757.6 

7.0 

120».2 

14.2 

1135.7 

13.6 

1160.3 

11.5 

1090.1 

11.0 

1047.2 

10.8 

997.6 

0.6 

1053.0 

9.5 

100 
171 
150 

153 
144 
139 
132 
139 
122 
110 
106 
86 


Oreen 
weight. 


100 
203 
194 

164 
157 
154 
137 
136 
114 
114 
100 
93 


«  Parts  per  million  multiplied  by  2  equals  the  pound  rate  per  acre  on  the  basis  of  2,000,000  pounds  as 
the  weight  of  an  acre  of  soil  7  inches  deep. 
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On  this  form  are  given  the  total  transpiration  and  total  weight  of 
green  plants  for  each  treatment,  consisting  of  five  pots.  The  trans- 
piration and  the  green  weight  of  plants  for  each  treatment  are 
entered  in  the  third  and  fourth  columns,  respectively,  while  the 
relative  transpiration  and  weight,  based  on  100  for  the  untreated 
soil,  are  given  in  the  fifth  and  sixth  columns  and  are  merely  com- 
puted from  the  actual  transpiration  and  weight  in  order  to  convert 
the  comparison  to  a  percentage  basis  and  make  it  more  simple. 

The  variation  by  transpiration,  while  a  good  indication  of  the 
relative  growth  and  effect  of  the  treatments,  frequently  gives  a  range 
of  lesser  magnitude  than  the  actual  growth  of  plants.  Plants  that 
have  made  a  marked  increase  in  growth  as  a  result  of  soil  treatment 
usually  contain  a  higher  percentage  of  water  than  untreated  ones 
and  therefore  show  a  sUghtly  lesser  variation  by  dry,  or  water-free, 
weight  than  by  green  weight.  See  Table  II,  which  follows.  The 
increase  in  growth  is  also  accompanied  by  an  improvement  in  con- 
dition which  can  only  be  measured  by  appearance,  but  which  will 
usually  prove  an  advantage  to  the  better  plants  if  grown  to  maturity. 
The  results  given  in  this  bulletin  are  all  based  on  the  actual  green 
weight  of  plants,  the  weighings  being  made  immediately  upon  cutting 
the  plants  and  under  uniform  conditions. 

Table  II. — Percentage  gain  or  loss  attributable  to  various  fertilizer  treatnunts  on 

four  soils. 

[Po-acid  phosphate.    K—suIphate  of  potash.    N— nitrate  of  soda.    L^lime.    M->stablo  manure.] 

A.— BASED  ON  GREEN  WEIGHT  OF  PLANTS  GROWN  ON  UNTREATED  SOILS. 


Soil. 


Cecil  clay,  good 

Cecil  clay,  poor 

Leonardtown  loam,  good . 
Leonard  town  loam,  poor.. 

Average 


'    Green 
weight 

Percer 

of  plants 

grown 

on  un- 

P. 

K. 

N. 

treated 

soils. 

Orams. 

8.8 

0 

-  2 

-  4 

8.8 

-  1 

1 

0 

8.3 

16 

7 

47 

6,5 

wv 

15 

8 

7.6 

2 

5 

13 

Percentage  gain  or  loss  Attributable  to— 


PK.  I  PN.     KN. 


9 

■  6 

41 

0 


14 

7 
47 
12 


11 


20 


PKN. 

L. 

5 

6 

10 

1 

PKNL. 

-  4 

5 

46 

22 

17 

5 

M. 


9 

-14 

17 

24 


9 


B.— BASED  ON  DRY  WEIGHT  OF  PLANTS  GROWN  ON  UNTREATED  SOILS. 


Soil. 


Cecil  clay,  good 

Cecil  clay,  poor 

Leonardtown  loam,  good 
Leonardtown  loam, poor. 

Average 


Dry      I 
weight    — 
of  plants 
grown 
on  un- 
treated 
soils. 


Grams. 
1.60 
L55 
L20 
L22 


L39 


P. 


•  1 
3 

13 
2 


Pcreentage  gain  or  loss  attributable  to — 


11 
4 

4 
18 


K.    i    N.       PK.     PX.     KN. 


2  ! 


■  9 
0 

5  I 

8  i 


-  1  1 

-  8 
2.5 

0 


3 

8 

47 

9 


17 


PKN. 

L. 

-5 

-1 

8 

PKNL. 

M. 

13 

—  11 

5 

-17 

3(3 

18 

24 

6 

9 

19 

2 

0 

ABBANOEMENT  AND  TABULATION   OF  BESULTS. 
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ABBANGEMENT  AND  TABULATION  OF  BESULTS. 

Table  III,  which  follows,  gives  the  actual  green  weight  of  plants 
grown  on  the  untreated  soils  and  the  percentage  increase  or  decrease 
in  growth,  the  latter  indicated  by  the  minus  ( — )  sign,  resulting  from 
the  various  fertilizer  ingredients  and  combinations.  The  data  are 
arranged  by  States,  areas,  and  types  and  averages  are  given  for  areas 
and  for  types  v^thin  areas.  The  symbols  at  the  head  of  the  columns 
are  used  for  the  sake  of  brevity.  P  stands  for  acid  phosphate;  K  for 
sulphate  of  potash ;  N  for  nitrate  of  soda ;  L  for  air-slaked  lime ;  M  for 
well-rotted  stable  manure,  and  Cv  for  green  cowpea  vines.  The  ingre- 
dients and  rate  of  application  are  given  in  the  preceding  form.  All 
data  resulting  from  the  tests  are  embodied  in  Table  III.  Marked 
variations  from  the  general  trend  are  exceptional  and  most  frequently 
occur  with  manure  or  cowpea  vines.  These  substances  have  occa- 
sionally given  negative  results  apparently  as  a  result  of  decomposition 
products  from  which  the  soil  did  not  have  sufficient  time  to  recover 
prior  to  the  planning  of  the  seed.  The  blanks  in  the  table  indicate  no 
tests  for  the  ingredients  or  combinations  heading  the  columns  in  which 
they  occur.  Practically  all  such  omissions  occurred  in  miscellaneous 
samples  which  were  tested  by  the  Bureau  parties  at  several  of  the 
State  experiment  stations.  Table  III  gives  the  results  for  220  soils 
and  from  these  results  many  tabulations  were  made,  parts  of  which 
are  given  on  subsequent  pages.  The  arrangement  and  segregation 
of  data  in  subsequent  tables  are  for  the  purpose  of  a  further  compara- 
tive study  of  the  facts  as  well  as  to  enable  the  reader  to  verify  state- 
ments that  may  foUow  in  the  text,  although  a  number  of  facts  are 
given  from  tabulations  other  than  those  which  follow. 

Table  III. — Percentage  increase  in  growth  attributable  to  the  vimous  fertilizer  appli- 
cations. 


Weight 

plants 
grown 
on  un- 
treated 
soil. 

Gain  or  loss  attributable  to — 

Soil  type  and  locality. 

P. 

K. 

P.ct. 
13 
15 
8 

-  2 
9 

-  9 
-16 

N. 

P.ct. 
11 
33 
2 
14 
31 

-  6 

-  2 

PK. 

P.ct. 

-  3 
5 

-  1 
2 

13 

PN. 

P.ct. 
11 
24 
10 
3 
23 

KN. 

P.ct. 
21 
29 
14 
16 
32 

-  3 
10 

PKN. 

P.ct. 

22 

39 

3 

4 

35 

3 

1 

L. 

P.ct. 

-  3 
7 
4 
2 
11 
5 
9 

PKNL. 

M. 

P.ct. 
47 
80 
29 
36 
34 

CvL. 

WISCONSIN. 

Portage  County: 

Miami  stony  sand 

Iffiftnii  SA.nd.  T  -  T  -  -  T 

Ordms, 
9.9 
6.0 
9.0 

11.0 
8.4 

10.0 
8.7 

P,ct. 
6 

-11 
2 

P.ct. 

19 

43 

21 

3 

8 

P.ct. 

8 

-  4 

Miami  sandy  loam 

Marshall  gravelly  loam 
Marshall  sand 

12 

14 

3 

Portage  silt  loam 

Portage  silt  loam 

• 

-  1 
5 

-10 

10 

-14 

21 
42 

10 

-14 

Average  for  area 

9.0 

2 

3 

12 

17 

-  3 

-  2 

3 

27 

-  2 

-  9 

7 

26 
3 
2 

10 

17 

15 

5 

.      13 

41 

43 

23 

-10 

19 

4 

.     MI880UBI. 

Crawford  Covmtyi 

Clarksville  silt  loam.  •  - 

Wabash  sUt  loam 

Clarksvillfi  stony  loam. 

6.6 

7.6 

14.6 

26 

-11 

4 

15 

1 
3 

15 

-  6 

11 

7 

7 

-  1 

3 

14 

0 

-  3 

1 

2 

-  2 

32 
24 
13 

Average  for  area 

9.6 

6 

6 

4 

5 

3 

4 

0 

!       23 

28220— Bull.  48—08- 
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Tabls  III. — PereentagB  increoie  in  growth  iUtrilnUable  to  the  variotu  fertilizer  appli- 

catxonB — Ck)ntinued. 


Weifl^t 

plants 
grown 
on  un- 
treated 
soil. 

Gain  or  loss  attributable  to— 

Soil  type  and  locality. 

P. 

K. 

P,eL 
24 

22 

N. 

P.ct. 
14 

28 

PK. 

P.ct. 
22 

26 
26 
29 

PN. 

P.ct. 
17 

26 
60 
64 

m 

KN. 

P.et. 
82 

47 
60 
44 

PKN. 

P.et. 
28 

60 
68 
61 

L. 

P.ct. 
11 

19 
26 

7 

PKNL. 

1 

M. 

P.ct. 
69 

23 
67 
34 

Cvl.. 

MISSOURI— continued. 

Scotland  County: 

Shelby  silt  loam 

MisoeUaneoui : 

Loeas,  McBain  County 
Clay  loam,  Salem 

(Tronu. 
9.6 

7.8 
7.0 
&9 

P.et. 
7 

8 

P,et. 
28 

P.H. 
30 

35 

60 
66 

35 

Silt  loam.  Columbia. . . 

60 



_^  ^ 

INDIANA. 

Newton  Conn^: 

Marshall   line    sandy 

loam 

if^nih^lf  loam 

6.3 

7.6 

1Z6 

5 

17 

-21 

12 

22 

-  2 

9 

17 

-14 

0 

20 

-  8 

6 

14 

-23 

12 
21 
13 

-  4 

16 
-17 

-12 
22 

-12 

-  1 
21 

-  7 

60 
77 
32 

-  2 
34 

Clyde  fine  sand 

-  4 

Average  for  area 

&8 

0 

11 

4 

4 

-  1 

■"'i' 

68 

16 

-  2 

-  1 

4 

66 

9 

Tippecanoe  County: 

MarshaU  silt  loam 

7.2 
7.6 
&6 

4 

-  3 

ao 

1 

2 

21 

6 

7 

28 

10 

-  6 

26 

3 
18 
46 

12 

6 

68 

-  7 

-  8 
17 

6 

7 

36 

-  2 

71 

4 

—  2 

Miami  sUt  loam 

30 

ATBiage  for  area 

6.8 

10 

8 

14 

10 

31 

22 

25 

2 

16 

37 

11 

OHIO. 

WesterrUle  area: 

Miami  black  clay  loam. 

Miami  clay  loam 

Miami  loam 

8.3 
6.1 
8.6 

-11 
11 

-  8 

6 
6 
3 

-  2 
16 

-  2 

9 
3 

-  3 

13 
27 

1 

7 

11 

8 

8 

13 

-  6 

1 
7 
2 

11 

11 

2 

-22 
16 
48 

28 

5 
45 

15 

Average  for  area  — 

7.8 

-  8 

6 

4 

3 

14 

9 

6 

3 

8 

22 

Miscellaneous: 

VolusU     sUt     loam, 
Wooster 

6.8 

7.1 

• 

0 

4 

-  4 

1 

14 

47 

46 

30 

-  6 

23 

47 

62 

27 

~  6 

21 
9 

76 
47 

62 

10 

9 

68 

33 

61 

46 
36 

1 
6  '    24 

22 

Miami     clay     loam, 
StrongsTille 

-  6 

12 

-  9 

-  A 

13 
65 

mew  YOBK. 

Tonipkins  County: 

Dunkirk  day  loam 

Dunkirk  ciay  loam. . . . 

1 

9.0 
4.6 

0 

-18 

9 

4 

-  1 

-  6 

6 
27 

11 
42 

-14 
29 

12 

-  5 
64 

Ayenge  for  type. . . . 

6.8 

-  9 

7 

34 

-  3 

17 

36 

27 

8 

25 

Dunkirk  loam 

Miami  stony  loam 

8.4 
0.6 

-  4 

4 

2 

1 

16 
1 

-  1 

-  4 

16 
-  8 

20 
6 

12 
11 

-  7 
0 

11 
7 

0 
26 

Average  for  area 

7.9 

!  _  6 

4 

21 

11 

1 
6 

-  3 

4 

-  8 
16 

4 

11 
16 
11 
31 

-  6 

10 

24 

19 

2 

26 

-  3 

10 

10 

29 
20 
31 

19 

Binghamton  area: 

Dunkirk  gravelly 
sandy  loam 

6.6 
10.6 
10.6 

4 

9 

-  1 

1 

9 

11 

12 

16 

9 

22 

1 

7 

26 

27 

-11 

16 

69 

Dunkirk  gravelly  loam 
Wabash  loam 

-  9 

10 

Average  for  area 

9.3 

4 

7 

16 
16 
22 
29 
11 

6 

13 
34 
10 
20 
18 

11 

8 

21 

4 

10 

-  6 

16 

38 

63 

19 

1    21 

6 

U 

11 

10 

27 

23 

Other  locaUties  in  State: 

Volusia  silt  loam 

Volusia  silt  loam 

Volusia  silt  loam 

Dunkirk  clay  loam 

Dunkirk  clay  loam 

6.4 

4.8 

6.6 

<         &9 

'        10.2 

2 
-  2 

4 
16 
11 

» 
35 
23 
28 
6 

9 
16 

8 
19 

8 

32 
62 
16 
22 
0 

61 

81 

n 

17 

17 

29 

■  "is 

28 
21 
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Table  III. — Percentage  increase  in  growth  cUtributable  to  the  various  fertilizer  appli- 

cotton*— Continued . 


Weight 

plants 
grown 
on  un- 
treated 
soil. 

K. 

P,ct. 

-  2 

12 

23 

9 

Gain  or  loss  attributa 

bleu 

1 
L. 

PKNL. 

M. 

P.ct. 

20 

24 

9 

13 

17 
39 

Soil  type  and  locality. 

P. 

N. 

P.ct. 

1 
8 
1 
4 

PK. 

P.ct. 
11 
11 
27 

21 

1 
PN. 

1 

1 

4 

1 

1 

P.ct. 

13 

11 
-  7 

18 

9 
22 

KN. 

1 

P.ct. 

6 

24 

31 

15 

19 
22 

1 
PKN.j 

CvL. 

PENNSYLVANIA. 

1 

Monteomery  County: 

llagerstown  loam 

Penn  silt  loam 

Lansdale  silt  loam .... 
Chester  loam 

Orama. 

10.3 

12.3 

9.9 

7.8 

P.ct. 

13 

8 

0 

0 

P.ct. 

9 
13 

7 
27 

P.ct. 

6 

-  8 

19 

4 

P.ct. 
23 

4 
17 
33 

P.ct. 

29 

36 

30 

8 

5 

Average  for  area 

10.1 

5 

10 

4 

18 

14, 

19 

24 

KHODE  ISLAND. 

The  SUte: 

Miami  silt  loam,  King- 
ston  

3.6 

-  8 

-19 

-14 

28 

31 

133 
9 

111 

Mianii    stony    loam, 
Middleton 

7.8 
5.8 
6.7 
9.1 
15.4 
5.6 

18 

41 
94 
43 
17 
8 
35 

' 

Miami     stony    loam, 

24      60 

7,      5 

10  {     10 

5        0 

4  1    21 

! 

Miami    stony    loam, 
Curtis  Comers 

1 

..  .'       .  .    . 

Miami    stony    loam, 
Woonsocket 

Miami    stony    loam, 
Little  Compton 

p 

Miami    stony    loam, 
A>hl^w|^y.  ... 

' 

18 

Average  (or  typo 

&4 

1 

11 

40 

Gloucester  stony  loam. 
East  Greenwich 

8.7 
8.5 
11.4 
8.5 
7.2 



15 
4 

3 

2 

-22 

2 
9 
0 
25 
8 
9 

38 

-  2 
18 

37 
21 
0 
14 
30 
20 

Gloucester  stony  loam, 
Cbepachet 

Gloucester  stony  loam, 
Tarkiln 

1 

1 

1 

Gloucester  stony  loam, 
Foster 

Gloucester  stony  loam, 
Greene 

' 

Average  for  type .' . 

8.9 

t 

0 

1 

' 

1 

' 

Alton     stony     loam, 
Hope  Valley 

5.5 
4-7 

34 
51 
43 

54 
51 

Alton     stony     loam, 
Wickfoid 

'          1 

I..........J 

Average  for  type . . 

5,1 

1            53 

— . — 



Warwick  sandy  loam, 
Alton 

7.1 
7.2 

1 

41 
23 

-  8 
28 
10 
14 

5 
71 

as 

42 

i 

42 

Warwick  sandy  loam, 
Barrington 

i 

i 

1 
1          \ 

Average  for  type. . 

'          7.2 

32 

!            42 

1 

' 1 



Average  for  area  . . 

'          7.9 

15 

!            35 

. 

27 
100 

64 

25 
63 

,     44 

V1KOINIA. 

• 

Louisa  County: 

Cecil  sandy  loam 

Cecil  loam 

1          7.2 

!          4.6 

24 
36 

5 

47 

1    26 

r 

13       31 
75       26 

13 
75 

30 
102 

1 

39 
153 

'            96 

1 

57 
158 

44       28       44 

Average  for  area 

'         5.9 

;      30 

*56 

1       108 

Hanover  County: 

Wickham  sandy  loam. 
Norfolk  sandy  loam... 


Average  for  area 


«•••.! 


7.5 
7.5 


-  3 
3 


5 
U 


11  -1 
20   10 


10 

17 


7.5 


8 


16 


8  :  14 


16 
35 

26 


36  I   9 
30  -  1 


as   31 
47   44 


-12 
-  8 


33  , 


41   3S 


10 


18 
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Table  III. — Percentage  increase  in  growth  attributable  to  the  various  fertilizer  appli- 

cations — Con  tinued . 


Soil  type  and  locality. 


vmoDTi  A— continued . 

Appomattox  Comity: 

Cecil  clay 

Cecil  clay,  Po6ahonta« 

Add 

CcmHI    clay,     Mitchell 

field 

NOBTH  CAKOUNA. 

New  Hanover  County: 

Norfollc  sand 

Norfolk  flme  aand 

Norfolk    fine    sandy 

loam , 

Portsmouth  fine  sand , 

Average  for  area 

Misopllaneous: 

Cecil      clay      (good), 

SUtesviUo 

Cecil      clay      (poor), 

StaU»8vifle 

Cecil  clay,  Iredell  test 

farm 

Cecil       sandy     loam, 

Raleigh 

Irpdell     clay      loam, 

Statcsville 

Norfolk     fine     sandy 

loam,  Edgecombe  . . , 
Norfolk    fine     sandy 

loam.  Tarboro 

Porters  clay,  Ashevillo 
Porters  day,  Biltmore 
Porters  sandy  loam, 

Blantyre 

Portsmouth     sand, 

Plnehurst 

Portsmouth  silt  loam, 

Chowan  County 

Silt     loam,    Union 

County 

Tobacco    soil.   Wake 

County 

SOUTH  CAROLINA. 

York  County: 

Cecil  sand 

Cecil  sandy  loam 

Iredell  clay  loam 

Average  for  area 

Cherokee  CoUnty: 

Cecil  clay 

Cecil  silt  loam 

Cecil  fine  sandy  loam. 

Cecil  sandy  loam 

Iredell  clay  loam 

Average  for  area 

L«anc»Rter  Connly : 

(Veil  Rllt  loam 

Miscellaneous: 

O  rangebu  rg     sandy 

loam,  St.  Matthews. 

Portsmouth    sandy 

loam,  Darlington. . . 


Weieht 

pliuits 
grown 
on  un- 
treated 
soil. 


Oram*. 
^    12.9 

11.7 

13.2 


4.1 
(>.4 

7.3 
3.0 

5.2 


Gain  or  loss  attributable  to— 


P. 


P.ct. 


-  3 

-  7 


K. 


P.ct 


8.8 
8.8 
4.5 
4.1 


37 
3 

3 
13 

14 


5.2 

4.8 

3.0 

5.8 

12.4 

4.5 

4.8 

4.5 

4.6 

4.7 

0 

-  1 

20 

t 

44 

r-  6 

11 

4 

42 

2 

-  4 

9 


3.0 
7.0 

7.7 

6.2 


7.4  I 
6.0 
5.9 
0.9  ' 
9.1 


7.2 


7.3 

11.8 
5.3 


40 
0 


-  4 

2 

-  3 
-12 

-  3 

-  4 


PK.  PN. 


P.ct. 
6 

-  3 

4 


41 
9 

3 
30 


122 
37 

22 
77 


P.ct. 
-13 

-  2 

3 


P.ct. 
4 


KN.  PKN.,  L. 


I 


P.ct. 
12 


P.ct. 
2 

9 

6 


21  '  65 


61 
.20 

3 
40 

31 


124 
45 

131 
51 

20 

87 

09 

33 

117 

831 

151 
63 

29 
110 


88 


PM 

-  1 

-  6 
5 


66 
16 

8 
70 


40 


2-4 
1    0 


34 
31 

21  I 

22  ' 
2  i 

15  ! 

44! 

I 

26 

19  ' 
0 
11 


42 

30 

16 

63 

42 
29 
18 

20 

42 

14 

32 

28 


90 

29 

19 

33 

29 

-14 

16 

31 

35 

16 

19 

20 


I 


9 

14 

-  4 

-  6 

7 

5 

97 

3.'-| 

105 

23 

39 

49 

9 

28 

34 

52 

71 

56 

51 
24 
26 

59 
40 
11 

63 
19 
25 

20 

51 

24 

43 

38 

56 

23 

62 

62 

19 

21 

42 

17 

22 

30 

5 

6 

45 

52 

-  1 

25 

1 

10 
31 

43 

26 

19 

4 

11 


PKNL. 


P.ct, 
2 

7 

-  4 


M.  CvL, 


P.ct. 

-   3 


P.ct. 
24 

6 


l.'>4 
70 

31 
173 


107 


241 
94 

57 


131 


144 
37 

34 
230 


111 


I 


la^ 

103 

28 

77 

70 
.53 
26 

22 

4C> 

57 

51 

16 


9 

-14 

90 

53 

33 

m 

38 

8 

61 

61 

41 

46 

28 


54 


78 
15 
24 

31 

45 

74 


8 
3 
6 

0 


■  6 
1 

7 

28 

I 


26 

28 

8 

28 

-  9 

0 

10 

1 

6 

24 


0-2 


I 
36  , 
52  I 
46 
35  I 
32  I 

40  ! 


15 
13 


2 
9 
1 
9 
1 


2() 
47 

33 

27 


20  I 
40| 

16  I 


39 

52 
4() 
60 
46 


54 
34 

18 


8  i 
33  I 

3  I 


71 
41 
17 


90 

76 
51 


60 
58 
19 


35  I  15 


I 


43  I  T2 


35 
48 
52 
.'>8 
27 


4 
39 

2i) 

4 

14 


3(>  I  49 


44  I  18 


15   63 

5   16 
9   35 


61 

14 
26 


26 
30 


19 
40 


44 

56 
68 
65 
42 


.55 


73 

28 
106 


42  I 
81 
88  I 
71 
36 

<'>4  I 


46 


12 

74 

123 

5 

7 

44 


10    111 

25     17 
44  I   138 
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Table  III. — Percentage  increase  in  growth  attributable  to  the  variovs  fertilizer  appli- 

cations — Continued . 


Welrfit 

plants 
grown 
on  un- 
treated 
soil. 

Oramt. 
7.6 

5.0 

• 

Gain  or  loss  attributable  to— 

Soil  type  and  locality. 

P. 

K. 

P.ct. 

I 

3 

24 

30 

-  5 

16 

N. 

P.ct. 
36 

39 

45 

61 
36 
47 

55 

53 

-3 

35 

PK. 

P.ct. 
5 

8 

27 

18 

5 

PN. 

P.ct. 

*  16 

25 

KN. 

P.ct. 
44 

42 

PKN. 

P.ct. 
36 

42 

p.ct. 
6 

18 

PKNL. 

M. 

CvL. 

TENKES8EK. 

Henderson  County: 

Lexington  silt  loam 

KENTUCKY. 

UcCraeken  County: 

Memphis  silt  loam 

P.ct. 

1 

-  3 

-  9 

-  4 

-  2 

P.ct. 
67 

48 

109 

121 

55 

P.ct. 
72 

70 

124 
114 

77 

P.ct. 
17 

-  2 

OBOROIA. 

Waycroas  area: 

Norfolk  sand,  12  miles 

west  Waycross 

Norfolk  sand,  4)  miles 

SE.  Waycross 

Norfolk  sand,  34  miles 

NW.  Waltertown... 

5.5 
5.6 
6.1 

1 

49       65 
45  .    50 
22       41 

72 
57 
24 

64 
20 
34 
39 

34 

27 

6 

22 

0 

118 

132 

65 

Average  for  type 

5.7 

-  5 

17       39       52 

51 

95     105 

105 

Norfolk  fine  sand,  3 
miles  W.  Waycross. . 

Norfolk  fine  sand,  8 
miles  SE.  Waycross . 

Norfolk   fine  sand,   2 
miles  W.  Waycross.. 

0.1 
6.0 
7.4 
6.5 

7 

6 

-  9 

15 

8 
-  8. 

23 

-  2 

-  6 

49 

18 

-12 

69 

38 

0 

36 

74 
50 
14 
46 

84 
32 
25 

102 

113 

28 

107 

107 

36 

Average  for  type  . . 

1 

5 

14 

15 
16 

5 

18 

47 

81 

83 

Norfolk  Sandy  loam, 
2^    miles    N.    way- 
cross 

7.0 

6.5 
5.0 

-  7 

11 
0 

1 

36 

M 
20 

14 

1 
37  ;    54 

64 

57 

100 
43 

103 

109 
64 
89 

113 

150 
1'2I) 

150 

219 

04 

94 

Norfolk   sandy  loam, 
3  miles  Nn.   way- 
crcwa. 

1 

15  ;    77     102 

3       15       42 

1 

85       35 
25  ^-9 

109 

Norfolk   sandy  loam, 
21  miles  8  W.Elsie.... 

42 

Average  for  type.. 

6.2 

15 

37 

11  1    43 

66 

83 
38 
79 

58 

9 

67 
89 

X, 

105 

76 

117 

153 

75 

82 

Norfolk     fine     sandy 
loam,    5i  miles  \\ . 
*\  aycross. 

7.6 

7.9 

3.9 
6.4 

5.2 
5.2 
5.5 

17 

1 

11 

10 

28 

5 

29 
21 

21 
15 
18 
18 

60 
29 
74 

1 
23  ;    63 

6  i    21 

73 
24 

40- 
22 

113 

Norfolk     fine     sandv 
loam,     3    miles    K. 
Waycross 

67 

Norfolk     fine     sandv 
loam.     4    miles    N. 
Manor 

35 

51 

86  '    64 
61       42 

t 

77  1    29 

176 

Average  for  type. . 

54 

73 
60 
33 

21 

45  '    67 

119 

Portsmouth  fine  sand. 
5i  miles  SE.   Way- 
cross.  

6 

1 
2 

31 

92 

104 
80 
29 
71 

148 

Portsmouth  tine  Mind, 
1  mile  S.  Needham 

Portsmouth  Qne  sand, 
1  mile  S.  Gtonmore . . . 

26 
24 
27 

75 
33 
67 

71 

92 
20 

175 
109 

Average  for  type . . 

5.3 

3 

52 
45 

79 

47 

U5 

144 

144 

Average  for  area ... 

6.0 

2 

15 

16 
5 

42  1    59 

t 
18  1     11 

69       32 

80 

108 
47 

107 

FLORIDA. 

Kacambia  County: 

Portsmouth  sand 

8.3 

2 

5 

12 

11 

48 
44) 

48 

35 

Norfolk  sand 

5.4 
5.9 
7.2 

1 

4 

8 

18 
32 
19 

23 

13 
45 
33 

30 

11 

11  ,     13 

11 

74 

S3 

107 

Norfolk  sand 

15       20  '    84 

46  '     24 
22       2<» 

55       94 
23  1     m 

97 

Norfolk  sand 

9 
12 

16  \     41 

05 

Average  for  type... 

6.2 

16 

46 

26 

33 

51 

1     ^^ 

90 

22 
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Table  III. — Percentage  increase  in  growth  attributable  in  the  various  fertilizer  appli- 

cflrfiorw— CJontinued . 


WeteUt 

plants 
grown 
on  un- 
treated 
soil. 

OrarM. 

8.8 
10.8 
11.1 

Gain  or  loss  attributable  t( 

PKNL. 

M. 

P.ct. 
6 
4 

5 

5 

4 

Soil  type  and  locality. 

P. 

P.ct. 

-  9 
4 
5 

K. 

P.ct. 

8 

-  3 

13 

N.     PK. 

P.ct.P.ct. 
1        2 
2-7 

-3        4 

PN. 

P.ct. 
11 
2 
3 

KN. 

P.ct. 
6 
6 
9 

PKN. 

P.ct. 

0 

-  3 

-11 

L. 

P.ct. 
6 
2 

-  7 

CvL. 

ARKANSAS— continued. 

Prairie  County— Cont'd. 
Morse  clay 

P.ct. 

-  7 
4 

-  1 

P.ct. 
22 

Morse  clay 

9 

Morse  clay 

4 

A  vera^  for  tyjw 

10.2 

0 

6 

0 

0 

5 

7 

-  6 

0 

-  1 

12 

Acadia  silt  loam 

Acadia  silt  loam 

Acadia  silt  loam 

Acadia  silt  loam 

11.2 
7.3 
7.4 
9.0 

0 

1 

22 

0 

4 

7 
20 
11 

29 

10 

29 

6 

11 
12 
31 
11 

25 

1 

18 
31 

24 
10 
22 
26 

27 
15 
41 
18 

12 

14 

23 

-11 

33 
37 
48 
41 

46 

7 

31 

32 

27 
16 
38 
21 

Avera^  for  type 

8.7 

6 

11 

19       16 

19 

21 

25 

10 

40 

29 

26 

Waverly  silt  loam 

Waverly  silt  loam  — 
Waverly  silt  loam 

6.5 

7.8 
5.0 

15 

-  7 

28 

20 

9 

20 

27  ;    27 

-7-3 

18      23 

15 
-  4 

22 

31 

4 

29 

38 

-  3 

28 

61 

37 

104 

67 

55 

40 

150 

38 
18 
10 

54 

41 

132 

Average  for  type . . . 

6.4 

12 

16 

13       16 

11 

21 

21 

82 

22 

76 

Averagv)  for  area . 

8.3 

5 

10 

12 

8 

11 

15 

14 

26 

40 

1    21 

30 

TEXAS. 

San  Marcos  area: 

Blanco  loam 

8.7 

17 

21 

19 

21 

23 

10 

33 

20 

21 

28 

37 

^ 

Cravrford  silt  clay . . . 
Crawford  silt  clay. . . 
Crawford  silt  clay. . . 

9.2 
9.2 

8.8 

20 

-  7 

13 

21 

2 

25 

31 
19 
30 

20 

-  1 

18 

40 

29 
19 
30 

26 

9 

9 

35 

21 

19 

20 

22 
23 
42 

20 

4 

24 

16 

15 
5 

17 
6 

11 

14 

42 
31 
46 

40 
14 
56 

37 

£2 
34 

11 

Average  for  type . . . 

9.1 

9 

16 

27 

12 

26 

23 
4 

33 
12 

29 

40 

32 

Houston  black  clay. . . 
Houston  black  <5lay . . . 
Houston  black  clay. . 
Houston  black  clay. . 

7.9 
8.9 
7.0 
8.1 

8 

0 

20 

-  4 

8 

4 

21 

-  5 

21 
15 
31 
21 

8 
17 
25 

5 

30 
17 
35 
19 

21 
23 
42 

26 

• 

30 

8 

10 

25 

18 

42 
23 
38 
32 

Average  for  type... 

8.0 

6 

7 

22 

14 

18 

25 

28 

34 

Average  for  area . . . 

8.5 

8 

12 

23 

14 

22 

28 

32 

26 

34 

Rusk  County: 

Caddo  fine  sandy  loam 
Caddo  fine  sandy  loam 

8.2 

8.1 

6 
12 

9 

2 

11 

53 

40 

5 
15 

10. 

16 

6 

-  3 

6 

51 
43 

47 

53 
35 

44 

47 
34 

7 
17 

47 
36 

61 
62 

62 

86 

103 

61 

57 
40 

Average  for  tjrpp . . . 

8.2 

7 

47 

40 

12 

21 

3 

10 

11 

42 

4» 

Norfolk  fine  sand 

Norfolk  fine  sand 

Norfolk  fine  sand 

8.5 
7.8 
8.6 

14 

-  4 

5 

16 
8 
6 

41 
21 
19 

29 
17 
21 

54 
28 
36 

49 
28 
36 

55 
60 
26 

48 
60 
37 

Average  for  type 

8.3 

5 

10 

27 

22 

39 

38 

47 

83 

h      51 

Norfolk    fine     sandy 
loam 

Norfolk     fine     sandy 
loam 

7.5 
6.1 

20 
31 

28 
31 

38 

48 

41 
48 
4.5« 

-  9 

-  1 
24 

-  3 

13 

42 
52 

62 

56 

65 

48 

21 
40 

64 
41 

105 

48 

62 
80 

Average  for  type 

6.8 

9.2 

9.2 
7.5 

7.0 

26 

30 

43 

47 

-  6 

26 

27 

3 

28 

59 

57 

31 

13 

12 

8 

-11 

53 

76 

71 

Orangeburg  fine  sandy 
loam 

-12 
0 

-  3 

-  6 

2 
20 

0 

14 

34 
31 

9 

14 

26 
39 

3 

37 

36 

26 
40 

9 

39 

37 
60 

26 

68 

37 
80 

29 

53 

Orangeburg  fine  sandy 
loam 

66 

Orangeburg  fine  sand . . 
Susquehanna      fine 
sandy  loam 

68 
36 

Average  for  area 

8.0 

6 

11 

32 

38 

13 

45 

67 

54 

I 
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Tabls  III. — Percentage  increase  in  growth  attributable  to  the  various  fertilizer  appli- 
cations— Continued . 


Soil  tyi>e  and  locality. 


TBXAs — continued. 

MiaoeilaniBOUs: 

Galveston    clay, 

Galveston 

Houston  blaclc  clay 

loam,  San  Antonio. . 
Orangeburg  clay, 

Maroney's  fann.. , . . . 
Orangeburg  fine  sandy 

loam,  Crockett. 

Orangeburg  fine  sandy 

loam,  Paieetine 

Qrangebui^  fine  sandy 

loam,  Nagadoches . . . 
OrangeburK  fine  sandy 

loam,  PaJestlne 

IOWA. 

Misoeilaneous: 

Wisconsin  drift  (good) 
Wisconsin  drift  (poor) 

lowan  drift 

Missouri  loess 

South  lowan  loess 

Kansan  till 


Weiffht 

plants 
grown 
on  un- 
treated 
soil. 


Gain  or  loss  attributablo  to-- 


K.  1  N. 


Grams. 
11.2 

5.8 

8.6 

8.3 

9.8 

8.8 

11.4 


9.6 
7.7 
9.0 
11.6 
5.4 
5.9 


ILUNOI5. 


Marion  silt  loam. 
Red  silt  loam 


XEW  JEB8EY. 

Mjacellaneous: 

Norfolk  sandy  loam. 

Woodbine 

Norfolk  fine  sandy 

loun.  Woodbine 


CONNECTICUT. 

Ck)nneeticut  Valley  area: 
Hartford  sandy  loam. . 

MARYLAND. 

Miscellaneous: 

Leonardtown   loam 

(good) 

Leonardtown   loam 
(poor) 


Muck,   peat,  and   swamp 
soils: 

Illinois 

Iowa 

Wisconsin,      Portage 

County 

Indiana,  Newton 

County 

Virginia,  Portsmouth . 

Average  for  type 


7.7 
7.0 


6.0 
6.5 


8.2 


9.4 
15.0 

7.2 

4.4 

3.2 

7.8 

P.  ct. 

-14 

8 
-  3 


—  I 


P.ct. 
-12 

1 

1 


PK.  PN. 


KN.iPKN.     L. 


P.ct.  P.cl.  P.ct.  P.ci.^  P.  cl.  P.ct 


6 
-  4 


■10 

19 

16 

0 


15 

34 

25 

2 


15 


3 

—    O 

17 
67 


-23-9 

14       12 

-  3 


17 


30-7 
31       10 


11    -  8 


30   -13 


53 
28 
15 


48 


8.3 
6.5  ! 


16 
24 

42 

-25 
53 


22 


49 
26 


4 

21 


30 
25 


12 
60 
37 
31 
10 


34 
49 

47 


4 

35 
t 
67 
31 
43 
14 


-20    -  2 
10       11 

14  ! 
92 

21 

24 


4 

24 


I 


i 
16 
14   -15 


42 
27 


52 
82 
57 


-  0 
17 
36 


PKNL. 


35 
12 


32 
57 


-13 
3 

-  8 
8 

-  3 
19 

12 

5 

20 

1 

1 

9 

18 

16 

^ 
1 

47 

1 

—  7 

15 

1 
8 

-11    -  4 

8       17 


2 
9 


16 
22 


3,-6 


41 
0 


25 

21 

61 
112 

14 
69 

55 

26 

39 
11 

51 


69 
47 


39 
83 


9 
24 


34 
35 


18 


47 
12 


41  I 

73  : 


-  S 
22 


17 
6 


•13 
16 


20 
32 


2 

7 


10 


M.    CvL. 


P.ct.     P.cl. 

-8j       4 


19 

5 

93 

• 

32 

24 

9 


19 
29 
19 
-14 
56 
37 


P.ct. 
31 

-  7 


5 


58 
40 
15 
43 


42 


■  4 

38 


47 
i  86 
'    B9 

I      ^ 

1-17 

24 


47 


48, 
26 


-12 
45 


17 
31 

29 


25 
28 


'14 
42 


14 


58 


46       10  1 17    

22         1    ..24  89 


14 

40 

25 

7 

-  4 

15 

20 

-14 

39 

39 

47 

23 

—  / 

41 

100 

14 

•  84 

75 

69 

75 

25 

42 

52 

21 

33 


45 
64 


51 


41       51 


70 
97 


40 
47 


16 

18 
72 


60 


49 


39 
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OOMPARATIVE    EFFIGIENCY    OF    SALTS   USED  SEPARATELY   AND   IN 

COMBINATION. 

Table  IV,  which  follows,  is  primarily  for  the  purpose  of  showing 
the  wide  variation  in  the  aggregate  effect  of  the  three  fertilizer  in- 
gredients when  used  separately  as. compared  with  their  efficiency 
when  used  together.  This  table  gives  the  percentage  increase  or 
decrease  in  growth  (the  latter  indicated  by  the  minus  sign)  produced 
by  acid  phosphate,  sulphate  of  potash,  and  nitrate  of  soda  used 
separately;  the  aggregate  increase  attributable  to  these  three 
ingredients;  the  increase  when  the  three  ingredients  were  combined 
and  the  difference  between  the  aggregate  and  that  observed  when 
the  same  ingredients  were  used  in  combination.  All  soils  having 
complete  data  for  these  observations  are  included,  the  total  number 
being  190,  and  the  data  are  arranged  in  a  descending  series,  beginning 
¥rith  the  greatest  difference  in  favor  of  the  sum  of  the  ingredients, 
until  the  difference  becomes  zero,  after  which  the  series  is  ascending 
and  the  differences  are  in  favor  of  the  combination.  A  wide  varia- 
tion is  shown  in  the  last  column,  the  difference  ranging  from  a  max- 
imum of  165  ]>er  cent  in  favor  of  the  sum  of  the  ingredients  to  zero 

m 

and  then  increasing  to  a  maximum  of  72  per  cent  at  the  other  extreme 
in  favor  of  the  combination. 

Of  the  total  niunber  of  comparisons  (190)  there  are  71  soils  in 
which  the  efficiency  of  the  combination  exceeded  the  aggregate  of 
the  separate  ingredients,  117  soils  in  which  the  aggregate  of  the 
individual  effects  exceeds  that  of  the  combination,  and  2  soils  in 
which  the  aggregate  effect  of  the  single  ingredients  exactly  equals 
tlie  increase  in  growth  when  those  ingredients  were  used  in  com- 
bination. The  number  of  soils  that  show  very  wide  differences  in 
respect  to  the  aggregate  efficiency  of  the  ingredients  as  compared 
with  the  effect  when  the  same  ingredients  are  combined  is  small,  the 
number  increasing  greatly  as  the  lesser  differences  are  approached. 
For  example,  60  soils  show  differences  of  9  per  cent  or  less,  while 
for  115  soils  the  difference  is  within  the  limit  of  19  per  cent.  Within 
this  limit  of  19  per  cent  there  are  51  soils  in  which  the  difference  is 
in  favor  of  the  combination  and  62  in  which  it  is  in  favor  of  the 
aggregate  increase  for  the  same  ingredients  used  separately.  (See 
Table  V  following.)  As  a  result  of  averages  within  these  limits,  acid 
phosphate  gives  an  increase  of  0.64  per  cent,  sulphate  of  potash  6.68 
per  cent,  and  nitrate  of  soda  19  per  cent,  or  a  total  of  26.32  per  cent, 
as  compared  with  24.5  per  cent  as  a  mean  effect  of  the  same  ingre- 
dients used  in  combination  on  the  same  soils.  Within  these  limits, 
wliicli  includes  60  per  cent  of  the  soils,  the  average  efficiency  of  the 
ingredients  as  measured  by  the  growth  of  the  plants  is  nearly  the 
same  whether  used  separately  or  in  combination.     It  therefore  ap- 
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pears  that  each  ingredient  has  performed  special  functions  which 
differ  from  and  are  independent  of  those  performed  by  the  others, 
whether  the  ingredients  are  applied  separately  or  in  combination. 

Of  the  soils  in  which  the  effect  of  the  ingredients  in  combination 
differs  from  the  aggregate  effect  of  the  same  ingredients  used  sepa- 
rately by  20  per  cent  or  more,  65  are  in  favor  of  the  ingredients  used 
separately  and  20  in  favor  of  their  combination.  Within  the  former 
group  of  soils  there  are  15  instances  in  which  the  aggregate  increase 
of  the  ingredients  when  used  separately  is  more  than  three  times  as 
great  as  when  the  same  ingredients  were  used  in  combination,  and  12 
instances  where  the  a^risgate  is  less  than  three  times  but  more  than 
two  times  as  great  as  when  used  in  combination.  Within  this  group, 
therefore,  the  function  of  the  several  ingredients  is  to  a  considerable 
degree  identical,  at  least  so  far  as  they  effect  an  increase  in  the  growth 
of  plants,  and  one  may  be  substituted  for  another  to  a  considerable 
extent. 

Of  the  soils  in  which  the  efficiency  of  the  combination  exceeds  that 
of  the  same  ingredients  used  separately  by  20  per  cent  or  more  there 
are  only  20.  In  this  group  the  function  of  each  ingredient  is  not  only 
different  from  that  of  the  others,  but  each  is  dependent  upon  the 
presence  of  others  in  order  that  it  may  have  the  greatest  effect. 

There  is  no  apparent  relation  either  by  soil  type  or  locality  with  this 
grouping  of  the  soils;  neither  do  the  soils  of  one  group  appear  to  be 
particularly  more  responsive  to  the  complete  fertiUzer  than  those  of 
another.  Of  190  observations  on  each,  the  individual  ingredients 
give  negative  results  as  follows:  Acid  prosphate  66  times,  sulphate  of 
potash  31  times,  and  nitrate  of  soda  22  times.  The  combination  of 
all  three  ingredients  gives  a  negative  result  only  9  times,  while  the 
aggregate  effect  of  the  individual  ingredients  becomes  negative  21 
tim^. 

Table  V  shows  the  average  increase  produced  by  each  ingredient, 
the  aggregate  increase,  and  the  actual  increase  when  the  ingredients 
were  combined  for  soils  in  which  the  aggregate  increase  from  indi- 
vidual ingredients  differs  within  certain  limits  from  that  obtained 
when  the  same  ingredients  were  combined. 

There  are  ten  soils  in  which  each  of  the  three  ingredients  when  used 
separately  gave  a  greater  increase  in  growth  than  when  all  were  com- 
bined and  ten  others  in  which  two  of  the  three  each  equaled  or 
exceeded  the  gain  produced  by  the  three  combined.  (See  Tables  VI 
and  VII.)  These  soils  are  not  confined  to  particular  localities  or 
types,  neither  are  they  associated  with  high  or  low  degree  of  natural 
fertility,  as  may  be  seen  by  the  wide  range  in  weight  of  plants  on  the 
untreated  soils. 
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Table  TV  .--Percentage  incrense  in  growth  attributable  to  P,  K,  and  iV,  and  the  sum  of 
the  saine,  as  compared  with  the  observed  increase  when  a  mixture  of  the  three  fertilizers 
was  applied. 

[liciiults  arhingt'd  hi  desooiiding  scries,  lM*ginning  with  tho  greatost  actual  ditTcrpnoe  in  favor  of  the 

sum  of  tho  ingredients.] 


SUtc. 


Locality. 


Soil. 


Virginia 

North  Carolina. 


Mississippi. 
Ix>ui8iana . . 


Texas. 


Louisiana 

North  Carolina. 

Virginia 

Ix>ulsiana 

North  Carolina. 
Missouri 


Iowa 

Texas 

North  Carolina. 

North  Carolina. 


Portsmouth 
Kdgecombe. 


I*ontotoc  County .  I 
Caddo  rarlsh.... 

Rusk  County 


Caddo  Parish 

Iredell  test  farm. 
Louisa  County . . . 

Caddo  Parish 

Pinehurst 

Crawford  County . 


Illinois.... 
Louisiana . 
Louisiana. 


1 


Amos 

San  Marcos 

New   H  a  n  o  ve  r 

County. 
Blantyre 


Wisconsin.. 

Indiana 

Mississippi , 

Florida... 


Arkansas 
Texas.... 


South  Carolina. 

New  York 

Florida 

Florida 

New  York 

Florida 

Oeorgia 


Manito 

Caddo  Parish. 
Caddo  Parish. 


Peat 

Norfolk  fine  sandy 

loam. 
Lufkin  silt  loam.. 
Caddo  fine  sandy 

loam. 
Norfolk  flne  sandy 

loam. 
Norfolk  ftne  sand . 

Cecil  clay 

Cecil  loam 

Miller  fine  sand... 
Portsmouth  sand. 
ClarksviUe    silt 

loam. 

Peat 

Crawford  silt  clay. 
Norfolk  sand 


North  Carolina. 
Mississippi 


Arkansas 
Indiana.. 


Georgia 
Texas.. 


Geoi^a 

North  Carolina. 


Texas 

Arkansas.. 
Arkansas.. 
Louisiana. 
Arkansas., 
Iowa 


Newton  County . . 
Montgomery 

County. 
EscambiaCounty. 

Prairie  County . . . 
San  Marcos  area.. 

York  County 

Geneseo 

EscambiaCounty. 
EscambiaCounty. 
Genesee  County... 
EscambiaCounty. 
Way  cross  area  . . . 

Raleigh 

Montgomery 

County. 
Prairie  County... 
Newton  County . . 

Way  cross  area  ... 
Rusk  County 


Porter's    sandy 

loam. 

Muck 

Miller  fine  sand 

Caddo  flne  sandy 

loam. 

Muck 

Marshall  loam 

Orangeburg     flne 

sandv  loam. 
Norfolk  flne  sandy 

loam. 
Waverly  silt  loam . 
Houston  l>lack 

clay. 
Cecil  sandy  loam . . 
Dunkirk  clay  loam. 

Norfolk  sand 

Norfolk  sand   

Dunkirk  clay  loam. 

Norfolk  sand 

Norfolk  flne  sandy 

loam. 
Cecil  sandy  loam... 
Lintonia  loam 


c 


Waycross  area 
Tarboro 


San  Marcos  area. 
Prairie  County... 
Prairie  County... 
Caddo  Parish.... 
Prairie  County... 
Ames 


Arkansas. 

Texas 

Maryland. 


Prairie  County 

San  Marcos 

Leonard  town.. 


Georgia.... 
Alabama.. 
Louisiana. 


Waycross  area 

hee  County 

Caddo  Parish.. 


Acadia  silt  loam. 
Marshall       fl  n 

sandy  loam. 

Norfolk  sand 

Caddo  flne  sandy 

loam. 
Norfolk  flne  sandy 

loam. 
Norfolk  flne  sandy 

loam. 
Crawford  silt  clay. . 
Crowley  silt  loam.. 

Morse  clay 

Norioik  flne  sand. . 
Crowley  silt  loam..! 
Wisconsin   drift  I 

(pocr). 
Waverly  silt  loam., 

Blanco  loam 

Leonard  town  loam 

(good).  I 

Portsmouth     flne 

sand. 
Norfolk    sandy 

loam. 
Caddo  flne  sandy 

loam.  I 


Weight 

plants 
on  un- 
treated 
soil. 


Orams. 
3.2 
4.8 


3.3 

5.0 
7.0 

7.0 
8.9 
5.9 
5.4 


10. 
7. 
7. 

4. 

8. 


Increase  at- 
tributable to- 


P.ct 
53 
44 


5.4 
4.4 

6.1 

3.7 
4.5 
4.6 
7.3 
4.8 
6.6 

15.0 
9.2 
4.1 

4.5 

9.4 
5.8 
6.0 


5.2 
7.7 
5.0 


7.4 
b.3 

5.6 
8.1  ' 

3.9  , 

5.3  i 


11 
25 


K. 


P.ct. 
112 
42 


N. 


I  Sum 
i  of 

I  and 

'  N. 


41  I  44 

18   18 

31 


-  3 
86 
36 
21 
42 
26 

24 
20 
37 


16 

12 

6 

42 
17 
24 


28 

20 

40 
16 

5 
16 
11 

4 
17 

20 

7 


-   4 


6 
12 
10 


51 
34 
47 
26 
26 
15 

26 
21 
41 

44 

49 

12 
17 

25 
22 
20 


24  '  36 


20 
21 

3 

29 
32 
18 
11 
19 
28 

31 

17 


22   20 
5   12 


30 


12   11 


29 
22 


8.8 

13  ' 

25 

7.0 

0  , 

10 

11.1 

51 

13 

6.4 

21  ' 

19 

&1 

9 

14 

7.7 

19 

34 

6.5 

15 

20 

8.7 

17 

21 

8.3 

16 

7 

21 

19 

4 


P.ct.  P.  a. 

69   234 
63   149 


52 
86 


02 
42 

75 
10 
42 
17 

21 

31 

122 

20 

4 

38 
26 

21 

17 
43 

27 

18 
31 

28 
20 
45 
13 
18 
33 
60 

30 
29 

29 
9 

61 
40 

74 

42 

30 
43 
-3 
41 
2 
53 

27 
19 
47  . 

73 

55 

33 


137 
122 


31  ,  48  ;  110 


In- 
crease 
attrib- 
utable 

to   I 
PKN. 


Dif- 

fer- 

enoi*. 


110 
162 
158 

67 
110 

58 

71 

72 

200 


09 
62 
49 

88 

56 
87 

87 

66 
T2 

71 
65 
82 
47 
40 
56 
105 

81 
53 

71 
26 

87 
63 

114 

80 

68 
53; 

16  i 
81 
25  I 
106  ! 

62 
67 
70 


100 
86 
27 


I 


P.  a.  p.  rt. 
69  Kio 
56     93 


50 
36 

48 

51 

105 

102 

1 

56 

7 

20 

22 

151 

24 

25 

19 

8 

47 
16 
48 

48 

28 
35 

34 
28 
46 
11 
5 

22 
73 

49 
22 

41 
-  4 

57 
34 

86 

63 

42 
27 
-11 
56 
0 
82 

38 
33 
46 

77 

63 

4 


87 
86 

()2 

59 
57 
56 
56 
54 
51 

51 
50 
49 

44 

44 

4:{ 

41 

41 
40 
39 

39 

38 
37 

37 
37 
36 
36 
35 
34 
32 

31 

30 
.« 

30 
29 

28 

26 

26 
26 
26 
25 
25 
24 

24 
24 
24 

23 

23 

23 
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Table  IV. — Percentage  increase  in  growth  attributable  to  P,  Ky  and  JNT,  and  the  turn  of 

the  same,  etc. — Continued. 


sute. 


Texas 

Alabama. 
Texas 


Indiana.... 
Louisiana. 


North  Carolina 
North  Carolina 
Louisiana 


Ohio 

Missiaaippi. 


Ni»w  Jer§ey. 


Mlssoori 

Pennsylvania.. 


Georgia..... 

Wisconsin.. 
Mississippi. 
Mississippi. 


Pennsylvania. . 

New  York 

Louisiana 

Texas. 

Texas. 


New  York- 
Iowa. 

New  York.. 
Wisconsin.. 

Virginia 

Arkansas... 
New  York.. 


Locality. 


Rusk  County. 
Ford's  farm... 
Rusk  County. 


Tippecanoe 

County. 
Caddo  Parish 


Biltmora  farm. 
Wake  County.. 
Caddo  Pariah. . 


Soil. 


Westervilie  area. . 
Pontotoc  County. 

Woodbine 


Scotland  County. 
M  on  tgomery 

County. 

Waycroas ' 

Portage  County... 
Pontotoc  County 
Mb  n  tgomery 

County. 
M  on  tgomery 

County. 
Bingham  ton 

area. 
Caddo  Parish 


Norfolk  fine  sand. 
Orangeburg  clay.. . 
Norfolk  fine  sandy 

loam. 
Miami  silt  loam 

Norfolk  fine  sandy 

loam. 

Porters  clav 

Tobacco  soil 

Orangeburg    fine 

sand. 
Miami  clay  loam . . . 
Orangeburg  sandy 

loam. 
Norfolk    sandy 

loam. 
Shelbv  silt  loam.... 
Lansdale  silt  loam. 

Norfolk  fine  sand. 
Miami  sand 


Rusk  County. 
Nagadoches... 


Georgia.. 
Florida.. 


New  York- 
Louisiana.. 


Wisconsin, 
Georgia.... 


North  Carolina. 

North  Carolina. 
Texas. 


New  York 

Louisiana 

South  Carolina. 

Alabama 

Ohio 

Illinois 

Wisconsin 

Florida 

South  Carolina. 

Texas 

.Alabama 

South  Carotina. 
Wisconsin 

Alabama.  


Portage  County.. 
Louisa  County . . . 
Prairie  County.... 
Binghamton  area. 

Waycross  area 

Escambia  County 

Tompkins  County 
Caddo  Parish 


Portage  County... 
Waycross  area.. . . 

New  Hanover 
County. 

Statesville 

Rusk  County 


Caddo  Parish 

Cherokee  County. 

LeeCountv 

Strongsville. 

Pulaski 

Portage  County . . 
Escambia  County. 
Cherokee  County . 

San  Marcos 

King's  farm 

York  County 

Portage  County.. 


Lee  County 

Prairie  County ... 


Lufkinclav 

Memphis  silt  loam. 

Penn  silt  loam 

Dunkirk  gravelly 

sandy  loam. 
Norfolk  fine  sandy 

loam. 
Caddo  fine  sandy 

loam. 
Orangeburg     fine 

sandy  loam. 
Volusia  slit  loam. . 

lowan  drift 

Volusia  silt  loam.. 

Marshall  sand 

Cecil  sandv  loam. . . 

Calhoun  clay 

Dunkirk  gravelly 

loam. 
Norfolk  fine  sandy 

loam. 
Norfolk  fine  sandy 

loam. 
Dunkirk  clay  loam. 
Norfolk  fine  sandy 

loam. 
Miami  sandy  loam 
Norfolk    sandy 

loam. 
Portsmouth     fine 

sand. 
Iredell  clay  loam. . . 
Orangeburg     fine 

sandy  loam. 
Volusia  silt  loam.. 
Norfolk  fine  sand. . 
Iredell  clay  loam.. 
Cecil  sandy  loam... 
Miami  clsy  loam... 

Red  silt  loam 

Miami  stony  sand . 
Portsmouth  sand. . 

Cecil  silt  loam 

Houston  black  clay 
Orangeburg  clay . . 
Ireddl  clay  loam.. . 
Marshall  gravelly 

loam. 
Norfolk  coarse 

sand. 
Acadia  silt  loam... 


Weleht 

plants 
on  un- 
treated 
■oU. 


Oram*. 
&5 
0.1 
7.5 

6.6 

&« 

12.4 
47 
7.4 

6.1 
7.6 

6.0 

016 
OlO 

6.0 
6.0 
6.4 
7.0 

12.3 

6.6 

9.6 

a2 
as 

6.6 
9.0 
4.8 
&4 
7.2 
&3 

lao 

7.9 
&4 

9.0 

&7 

9.0 
&0 

8.0 

&2 
9.2 

&4 

&3 
9.1 
8.6 


Increase  at- 
tributable to— 


P,ct.  P.ct. 

14  :  16 

22   24 
20  <  28 


30 

•  3 

11 
9 
8 

11 
17 

12 

7 
0 

5 

7 
8 
7 

8 

4 

-  8 
6 
1 

4 

16 

-  2 
7 

24 

12 

9 

1 

-  7 

0 
4 

4 

0 


7.0 
9.9 
&3 
6l6 
7.9 

las 

7.7 
ILO 


5.3  - 


1L2 


7 
0 

2 

15 

■  3 

1 

-  4 

3 

G 

2 

2 

8 

3 

0 

.  1 

7 

0 


21 
20 

15 

11 
10 

5 
-  2 


24 
23 

8 

15 

8 

9 

12 

1 

9 

2 

6 

22 

25 

15 

9 

5 

12 

9 


14 

9 
9 

8 
16 


13   30 


21 
2 

15 

21 

7 

9 

-  5 
8 

13 
5 
1 
8 
6 
6 

-  2 

15 
4 


Sum 
of 


Inr 
crease 
p  -0-  ,  attrib- 
^*'^*   utable 


P.ct, 
41 
42 
38 

28 

35 

18 
28 
21 

15 
28 

20 

14 
1 

63 
33 
28 
14 

8 

11 

13 

63 

31 

10 
28 
34 
31 
13 
14 
1 

29 

15 

13 
7 

2 
20 

77 

16 
34 

13 

32  I 

32  I 

14 

12 

19 

11 

12 

52 

21 

17 

19 

14 

48 

29 


and 

N. 


P.ct. 
71 
88 

86 

79 
52 

44 

48 
39 

31 
43 

37 

46 
24 

66 
55 
44 

30 

28 

16 

14 

61 

38 

36 
60 
47 
47 
42 
liS 
19 

35 

22 

22 
20 

14 
36 

120 

44 

36 

30 
68 
36 
24 
3 
30 
30 
19 
55 
37 
26 
25 
11 

56 
33 


to 
PKN. 


P.ct. 
49 
67 
65. 

68 

33 

25 
30 
21 

13 
26 

20 

28 
7 

60 
39 
28 
14 

*  13 

1 

-  1 

47 

24 

23 
57 
35 
35 

30 

26 
7 

24 

11 

11 
9 

3 
25 

110 

34 
26 

20 
59 
27 
Vy 

-  G 
22 
22 
11 
48 
30 
19 
18 

4 

50 
27 


Dif- 
fer- 
ence. 


P.ct. 
22 
21 
21 

21 

19 

19 
18 
18 

18 
17 

17 

17 
17 

16 
16 
16 
16 

16 

15 

15 

14 

14 

13 
12 
12 
12 
12 
12 
12 

11 

11 

11 
11 

11 
11 

10 

10 
10 

10 
9 
9 
9 
9 
8 
8 
8 


6 
6 
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FEBTILITY  OP  SOILS  AS  AFFECTED   BY  MANURES. 


Tablb  IY. — Percentage  increofe  in  growth  attributable  to  P,  K,  and  N,  and  the  sum  of 

the  same,  etc.^-Coatinued. 


State. 


Locality. 


Arkansas 

Oeor(?la 

Texas ^ 

Virginia. 

Geoigia 

Arkansas. 

Pennsylvania... 

Tennessee 

North  Carolina 

Texa« 

Missouri 

Texas 

New  York 

Indiana 

Arkansas. 

Arkansas 

Indiana 

Arkansas 

North  Carolina. 

New  York 

Ohio 

Arkansas 

South  Carolina. 

North  Carolina. 

Texas 

Texas 

Texas 

Kentucky 

Alabama 

Iowa 

Louisiana 

Texas 

North  Carolina. 
New  York .   . . . 


Pralrfe  County . . . 
WaycroBs  area. .. 
Rusk  County 

Hanover  County.. 

Waycrossarea 

Prairie  County  . . . 
Montgomery 

County. 
Henderson 

County. 

Asbeville 

San  Marcos  area.. 
Crawford  County. 

Maroney'H  farm.. . 
Tompkins  County 
Tippecanoe 

County. 
Prairie  County . . . 
Prairie  County ... 
T I ppeca  n  oe 

County. 
Prairie  County... 
New  Hanover 

County. 
Tompkins  County 
Westerville  area. . 
Prairie  County . 
Cherokee  County. . 


Welffht 

plants 
on  un- 
treated 
soil. 


Increase  at- 
tributable to-~ 


Morse  clay 

Norfolk  sand 

Oranmburg   fine 

sand. 
Norfolk  sandy 

loam. 
Norfolk  fine  sand. . 
Acadia  silt  loam. . . 
Uagerstown  loam. 

Lexington  silt 

loam. 

Porters  clay 

Houston  black  clay 
ClarksviUe    stony 

loam. 
Orangeburg  clay . . 

Dunkirk  loam 

Marshall  loam 


States  vllle... 
Galveston... 
Rusk  County 


Rusk  County 

McCracken 
County. 

Lee  County 

I-»eon 

Caddo  Parish 


San  Antonio. 


Georgia. 


Arkansas. 
Maryland. 


Statpsville 

Tompkins 

County. 
Waycrofis 

Prairie  County . . 
Leonardtown 


Texas 

Alabama. 


Texas 

Alabama 

South  Carolina. 
Mississippi 


Louisiana. 


Texas 

South  Carolina. 

Virginia 

Mississippi 

New  Yorx 

Missouri 

Georgia 

South  Carolina. 


Rusk  County 

Rawles's  farm.... 

San  Marcos  area. . 

Lee  County 

Cherokee  County . 
Montgomery 

County. 
Caddo  Parish 


Texas. 


San  Marcos  area. . 
Cherokee  County. 
Pocahontas  field . . 
Pontotoc  County. 
Binghamton  art^ti . 
Crawford  County. 

Waycro98 

St.  Matthews 

Palestine 


Morse  clay 

Crowley  silt  loam . . 
Marshall  silt  loam. 

Acadia  silt  loam... 
Norfolk  fine  sandy 

loam. 
Dunkirk  clay  loam 

Miami  loam 

Waverly  silt  loam. 
Cecil    mie    sandy 

loam. 
Cecil  clay  (good) . . 

Galveston  clay 

Susquehanna  fine 

sandy  loam. 
Norfolk  fine  sand. . 
Memphis  silt  loam. 

Norfolk  sand 

Kansan  till 

Caddo  fine  sandy 

loaip. 
Houston  black  clay 

loam. 
C.«»ril  clay  (poor). . . 
Miami  stony  loam. 

Norfolk  sandy 
loam. 

Crowley  silt  loam . . 

Leonardtown  loam 
(poor) . 

Norfolk  fine  sand . . 

Orangeburg  sandy- 
loam. 

Houston  black  clay 

Norfolk  sand 

C«;ll  sandy  loam. . . 

Memphis  silt  loam. 

Orangeburg     fine 

sandy  loam. 
Crawford  silt  clay. 

C-ecil  clay 

C-eciX  clay 

Monroe  silt  loam. . . 

Wabash  loam 

Wabash  silt  loam. . 

Norfolk  sand 

Orangcbui^  sandy 

loam. 
Orangeburg     fine 

sandy  loam. 


P. 


OratM. 

las 
&1 


7.5   - 
7.5 


dl 
7.3 

ia3 

7.5 

5.8 

&9 

U6 


as 
lai 

7.2 

9.0 
7.3 


.18 


8.6 
8.1 

8.1 
4.7 
6.9 
8.6 

6.5 

9.2 
7.4 

11.7 
8.0 

10.6 
7.6 
6.6 

11.8 


P.ct. 
4 

-  2 
7 


7 

1 

13 


K. 


P.ct. 

-  3 

-  5 

;  20 

I  " 

i  15 
I  7 
-2 


'      4 


&6  -  3 
&4  -  4 
7.5-3 


9 
1 
4 

0 
3 


4.5  -18 
86-8 
7.8-7 
&9   -  3 


1 

2 
4 

3 

1 
2 
2 

8 
3 
1 

11 
3 

4 

3 
9 
7 


7.8-4 

&0   -  3 

i 

6i8        9 
5.9        7 

&8   -  7 


8 


8.8-1 
9.6         4 


as      11      15 


7. 1    -  8 
6.5-7 


5 

6 

4 

1 

12 
13 


-  I 

-  4 

-  3 

-  4 

-  1 
-11 

-  9 
.      0 


'    15 

6 

-  5 

-  5 

-  1 

I    28 
'      6 


2 

-  6 

■'-\ 

'     11 

1 

'     24 

-  2 


N. 


Sum 

of 

P.K, 

and 

N. 


&8 

0 

-  2 

11.2 

-14 

-12 

7.0 

-  3 

0 

36 

29 
15 

-  2 

17 

15 

7 

1 
0 
6 

6 
22 

55 

-  2 

-  7 

46 

-  4 

3 
9 


38 

21 

19 

5 

15 

13 

6 

0 

2 

11 


■  6 

-23 

6 


11.4   -  7  '-  4 


0 
1 

54 

9 
8 

19 
4 

21 
30 
35 
12 


19 
36 

-  3 
13 

5 

-  3 
45 
15 

11 


0 
6 

80 

1 

16 

30 
5 

12 

28 

51 

5 

6 

14 

26 

-  2 

3 

16 

■13 

60 

13 


In- 
crease 
attrib- 
utable 

to 
PKN. 


36 

19 

17 

3 

14 

12 

6 

0 

3 

12 


-  4 

-20 
9 


P. a. 

P.ct. 

P.  a. 

2 

3 

-  3 

»( 

29 

24 

31 

44 

40 

20 

34 

30 

55 

77 

74 

10 

18 

15 

1 

12 

9 

Dif- 
fer- 
ence. 


p.eu 

6 
5 
4 


17 

18 

28 

29 

41 

42 

7 

-  5 

5 

-  3 

60 

52 

8 

21 

25 

28 

3 

39 

39 

42 

10 

40 

50 

62 

15 

48 

70 

73 

5 

t 

7 

4 

5 

a. 

9 

5 
11 

85  , 

7 
22 

36 
12 

19 
35 
68 
13 

15 

23 
35 
9 
14 
26 
-  1 
72 
26 

14 


3 
3 
3 


2 
2 
2 

1 
1 
0 

0 
1 
1 

1 
1 

1 
2 
2 
2 

2 
3 
3 

3 
3 

3 
3 
4 


5 
5 

5 

6 
6 

6 

7 
7 
7 

8 

9 

9 
9 
11 
11 
11 
12 
12 
13 

14 
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Table  IV. — Percentage  xrureoie  in  growth  attributable  to  Py  AT,  and  N^  and  the  gum  of 

the  samef  etc. — Continued. 


stat«. 


Area. 


Pennsylvania.. 

North  Carolina. 
Alabama 


North  Carolina. 

Ohio 

Florida 


lUinoiB.... 
Louisiana. 

Wiaoonain. 
Alabama.. 


Montgomery 
County. 

Union  County 

Lee  County 

New    Hanover 

County. 
Westerville  area.. 

Eflcambla  County 


Caddo  Pariah. 


Iowa 

GeoiKia 

Miuiaaippi. 

Indiana 

Misaiaaippi . 


Portage  County. 
Iiee  County 


Waycroaa. 


New  Jersey 

Geoigfa 

Virginia 

Alabama 

Georgia 

North  Carolina. 


Wiaoonain.. 
lilsaiaalppi . 


Montgome  ry 

County. 
Newton  County  . . 
Montgomery 

County. 
Woodbine 


Alabama. . , 
Mlaaiadppi. 

Georgia 

MlaaiMippi. 

Texaa 

Louisiana.. 


Waycroaa 

Hanover  County. . 

Marion 

Waycroaa 

Chowan  County.. 

Portage  County. . 
Montgomery 

County. 

Lee  County 

Pontotoc  County. 

Waycroaa 

Montgomery 

County. 
Ruak  County 


Caddo  Parish. 


Indiana 

South  Carolina. 
Louisiana 


New  toii  County 
York  County... 
Caddo  Pariah. . . 


Rhode  Island..    Klngaton. 


Boll. 


Cheater  loam. 


Silt  loam 

Norfolk    a  a  n  d  y 

loam. 
Norfolk  fine  aand. . 

Miami  black  day 

loam. 
Norfolk  fine  aandy 

loam. 
Marion  allt  loam. . . 
Orangeburg     fine 

sandy  loam. 
Portaa»  ailt  loam. . 
Norfolk  c  o  a  r  a  e 

aand. 
Wiaconain      drift 

(good). 
Portamouth    fine 

aand. 
Memphia  ult  loam. 

Clyde  ilne  aand 

Memphia  ailt  loam. 

Norfolk  fine  aandy 

loam. 
Norfolk    aandy 

!oam. 
Wickham     aandy 

loam. 
Orangeburg  aandy 

loam. 
Portsmouth     ftne 

sand. 
Portsmouth     sUt 

loam. 
Portage  silt  loam.. 
Memphis  silt  loam. 

Cecil  sandy  loam. . . 
Orangeburg  clay. . . 
Norfolk  fine  sand. . 
Memphis  silt  loam. 

Orangeburg     fine 

sandv  loam. 
Norfolk  fine  sandy 

loam. 

Muck 

Cecil  sand 

Orangeburg     fine 

sand. 
Miami  silt  loam 


Weight     Increase  at- 

of      itributobleto— 
plants 

on  un- 
treated 
soil. 


P. 


OravM. 
7.8 

4.0 
«.l 

6.4 

8.3 

&6 

7.7 
AlO 

8.7 
6.4 

•9.6 

5.5 

ia6 

12.6 
9.5 

6.5 

7.0 

7.6 

4.8 

J 

6.2 

4.5 

10.0 
10.2 

5.6 

6.6 

7.4 

11.2 

9.2 

7.9 

4.4 

3.9 
&0 


PM. 
0 

-  4 

-14 

3 

-11 

10 

-13 
0 

2 
-12 

-10 

2 

-13 

-21 
-16 

1 

-  7 

-  3 
14 

1 
2 

-11 

-  3 


K. 


P.et. 
9 

0 
4 

9 

6 

12 

« 

-  8 
6 


N. 


P.ct 
4 

32 
49 

37 

-  2 

-  5 

-  3 

10 


-16   -  2 
0      20 

15 

18 

-  3 


-  2 

-  9 

1 

14 

5 

7 

15 

19 

-  9 

-  2 


-11  ,-  7 
-91  3 
-9-8 
-10   -  7 

-12   -  6 

I 
1    -  5 

-25  61 
-15  -  8 
-22   -10 


I 


30 
33 

-  2 

-14 
0 

9 

31 

11 

25 

50 

14 

-  6 
-15 

29 
18 

-  3 
-11 

14 

-10 

14 

26 
-10 


3.6  ;-  8   -19   -14 


28 
32 

49 

-  7 

17 

-34 
16 

-16 
8 

35 

58 

-18 

-37 
-25 

11 

48 

13 

46 

66 

35 

-36 
-20 

11 

12 

-30 

-28 

-  4 

-14 

50 

3 

-42 

-41 


43 
46 

68 

8 

32 

-  8 
33 

1 
25 

03 

71 
1 

-17 

-  5 

32 

64 

36 

69 

90 

62 

3 
12 

43 
45 

14 
8 

36 

35 

100 
54 

28 

31 


14 
14 

14 

16 

16 

16 
16 

17 

17 

17 

18 

19 

30 
20 

21 

21 

28 

28 

24 

27 

30 
33 

33 
38 
34 
36 

40 

49 

50 
51 
70 

72 


80. 
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Table  y.— Average  percentage  increase  in  growth  attributable  to  P,  K,  and  N  and  the 
aggregate  increase  of  the  same  salts  used  inaiMually  as  compared  uith  the  actual  increase 
when  the  same  salts  were  used  together ^  averages  being  far  the  soils  in  which  the  difference 
between  the  aggregate  and  actual  increase  is  unihin  limits  indicated  in  the  first  colufnn. 


Ranseof 
dlfftT- 
ence. 

Number 

of  SOllB. 

Green 

weight 

of  plants. 

Per  cent. 

Oranu. 

60+ 

6 

4.8 

50-^9 

8 

7.0 

4(M9 

7 

6.4 

30-39 

16 

6,7 

20-29 

19 

7.3 

10-19 

35 

7.6 

0-9 

28 

8.3 

9-0 

32 

7.6 

19-10 

20 

•  7.9    I 

29-20 

9 

7.5    ' 

39-30 

5 

8.2 

49-40 

2 

8.6 

50+ 

4 

4.2 

Incroaae  attributable  to — 


P. 


K. 


Per  cent.  Per  cent 


37 

31 

19 

16 

13 

6 

1 

2 

-  5 
4 

-  8 
6 

-18 


49 

31 

30 

22 

19 

13 

5 

4 

4 

4 

-5 

-6 

6 


N. 


Per  cent. 

64 

38 

35 

31 

38 

23 

22 

17 

14 

14 

4 

2 

4 


Sum  of 
P,K, 

and  N. 


Per  cent. 

150 

100 

84 

69 

70 

40 

28 

19 

13 

14 

-9 

-9 

-8 


Incieaae 
attribu- 
table to 
mixture 
of  PKN. 


Percent. 
52 
46 
41 
34 
46 
26 
23 
23 
28 
37 
24 
36 
53 


Diiler- 
enoe. 


Percent. 

96 

54 

43 

35 

24 

14 

5 

-  4 

-15 

-23 

-33 

-45 

-61  ' 


Table  VI. —  Ten  soils  in  which  percentage  increase  attributable  to  each  ingredient  is 

greater  than  that  produced  ivhen  cdl  are  combined. 


Stato. 


Louisiana . 

Iowa 

Missouri.. 

Indiana... 
Florida.... 
Now  York 

Indiana... 

Arkansas. 
Arkansas . 
New  York 


Locality. 


Caddo  Parish 

Ames 

Crawford  County. 

Newton  County . . 
Escambia  County , 
Geneseo 


Newton  Cxjunty 


Soil  type. 


Miller  fine  sand... 

Peat 

Clarksville    silt 

loam. 

Marshall  loam 

Norfolk  sand 

Dtmkirk     clay 

loam. 
MarshaU       fine 

sandv  loam. 
;lay 


I^airie  County  . . .    Morse  clay 
Prairie  County  ...»  Crowley  silt  loam. 
Binghamton  area.    Dimkirk  gravelly 

sandy  loam. 

Average 


Weight 

ofplaqtei 

grown 

on  UXk: 

treated 

SOil.ti 

Oram9i 

7.3 

15.0 

6.6 

7.6 

5.4 

10.2 

6.3 

11.1 
8.1 
6.6 


8.4 


Increase 

attributable 

to— 


N. 


17 
16 
11 


5 
9 
4 


14 


p.ct.ip.ct.yp.ct. 

21  I  2(\  \  10 
24  I  26  '  21 
26  ;     15       17 


22 
18 
11 

12 

13 

14 

1 


16 


17 
13 
18 

9 

.3 

2 

11 


11 


In- 

crease 

Sum 

attrib- 

Dif- 

of 

utable 

fer- 

PKN. 

to  mix- 
ture of 
PKN. 

ence. 

P.ct. 

P.ct. 

P.rt. 

57 

1 

56 

71 

20 

51 

58 

7 

51 

56 

16 

40 

47 

11 

36 

40 

6j 

35 

26 

-  4 

30 

15 

-11 

26 

25 

0 

25 

10 

1 

15 

41 


36 
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Table  VII. —  Ten  soils  in  which  two  of  the  three  ingredients  each  produced  a  greater 

increase  than  when  all  three  were  combined. 


state. 


Locality. 


Vlrginli... 
Louiaiajui. 
Louisiazut. 


Soil  tjrpe. 


Louisiana. 
Loulaiaoa. 
NewYorlc. 
Florida.. . 


Wisconsin . 
.\rkansa8 . 
Missouri . . 


Portsmouth 

Caddo  Parish ' 

Caddo  Parish 

I 

Caddo  Parish 

Caddo  Parish 

Binghamton  area. 

Escambia  County. 

Portage  County... 
Prairie  County  . . . 
Crawford  County . 

Average 


Peat 

Norfolk  fine  sand. 
Caddo  fine  sandy 

loam. 
Caddo  fine  sandy 

loam. 
Norfolk  fine  sandy 

loam. 
Dunkirk  gravelly 

loam. 
Norfolk  flne  sand  y 

loam. 
Miam  i  sandy  loam. 

Morse  clay 

Clarksville  stony 

loam. 


Increase 

In- 

'  Weight 

attributable 

ATAAiln 

of  plants 

to— 

Sum 

attrib- 

Dif- 

grown 
on  un- 
treated 

soil. 

1 

of 
PKN. 

utable 
to  mix- 
ture of 
PKN. 

fer- 
enc<». 

P. 

K. 
P.ct. 

N. 
P.ct. 

QravM.  P.ct. 

P.ct. 

P.  a. 

P.ct. 

3.2 

53 

112 

00 

234 

60 

165 

3.7 

-  3 

51 

62 

110 

61 

59 

6.0 

C 

17 

26 

49 

8 

41 

5.0   -10 

1 

4 

33 

27 

4 

23 

9.6   -  8 

9 

13 

14 

-  1 

15 

10.6 

9 

9 

1 

19 

7 

12 

8.4 

-  7 

14 

in 

22 

11 

11 

9.0 

4 

8 

2 

14 

3 

11 

10.8 

4 

-  3 

2 

3 

-  3 

6 

14.6 

4 

5 

3 
23 

-  2 

5 
50 

3 

2 

8.1 

22 

15 

35 

NITRATE   OP   SODA    ALONE    AND   WITH  OTHER   SALTS. 

A  study  of  Table  FV  shows  that  in  66  per  cent  of  the  instances 
nitrate  of  soda  when  used  alone  has  produced  an  increase  of  growth 
which  equals  or  exceeds  that  produced  by  either  sulphate  of  potash 
or  acid  phosphate. 

A  tabulation  of  the  data  for  nitrate  of  soda  and  of  combinations 
in  which  it  enters  shows  that  the  nitrate  of  soda  has  a  marked  bene- 
ficial effect  on  the  majority  of  soils  which  on  an  average  is  not 
increased  by  the  addition  of  acid  phosphate.  A  comparison  of  the 
nitrat^<  with  the  nitrate-phosphate  column  shows  a-  difference  in 
favor  of  the  former  in  slightly  more  than  half  of  the  comparisons. 
The  average  of  these  two  columns  shows  a  difference  of  less  than  one- 
tenth  of  1  per  cent. 

Nitrate  of  soda  when  supplemented  with  sulphate  of  potash  gives 
an  increase  in  growth  which  in  74  per  cent  of  the  instances  equals  or 
exceeds  that  produced  by  nitrate  of  soda  alone,  the  average  result 
being  8.5  per  cent  in  favor  of  the  combination.  When  this  nitrogen- 
potash  combination  is  still  further  supplemented  by  acid  phosphate 
there  is  on  an  average  no  additional  increase  in  growth.  In  fact  the 
instances  in  which  the  nitrogen-potash  combination  equals  or  exceeds 
that  of  the  complete  fertilizer  are  slightly  in  the  majority.  The 
tabulation  above  mentioned  is  not  pubUshed,  But  the  same  facts 
may  be  gathered  by  careful  study  of  those  columns  in  Table  III, 
which  give  the  results  for  nitrogen  and  all  combinations  into  which 
it  enters. 
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SULPHATE   OF  POTASH   ALONE   AND   WITH   OTHER   SALTS. 

Sulphate  of  potash  when  supplemented  by  acid  phosphate  pro- 
duced an  increase  in  growth,  which  in  50  per  cent  of  the  soils  exceeded 
that  produced  by  potash  alone,  the  average  increase  being  one- 
tenth  of  1  per  cent  in  favor  of  the  combination.  When  the  potash 
salt  is  combined  with  nitrate  of  soda  there  is  a  marked  increase  in 
growth  over  that  produced  by  potash  alone,  which,  on  the  average, 
is  not  further  increased  by  the  addition  of  acid  phosphate.  In  86 
per  cent  of  the  soils  the  effect  of  potash  combined  with  nitrogen  has 
equaled  or  exceeded  the  effect  of  potash  alone.  These  facts  are 
brought  out  by  a  study  of  the  columns  in  Table  III,  in  which  potash 
occurs,  omitting  all  soils  for  which  the  data  for  this  salt  and  all  its 
combinations  are  incomplete. 

ACID   PHOSPHATE   ALONE   AND  WITH   OTHER  SALTS. 

Referring  to  Table  IV,  the  striking  fact  is  the  large  number  of 
instances  in  which  acid  phosphate  gives  a  small  or  negative  effect. 
The  efficiency  is  quite  regularly  increased  (see  all  columns  of  Table 
III  in  which  phosphate  enters)  as  each  fertiUzer  salt  is  added,  the 
exceptions  to  this  being  mostly  for  those  soils  in  which  the  efficiency  of 
the  complete  fertilizer  as  a  whole  becomes  quite  small  or  is  negative. 

In  the  Ufe  and  economy  of  the  plant,  phosphates  are  generally 
recognized  to  be  instrumental  chiefly  in  the  production  of  seed  or 
fruit,  and  have  a  tendency  to  hasten  maturity,  and  may  influence 
the  color  and  quality  of  the  fruit.  It  is  also  known  that  plants  do 
not  absorb  extraneous  phosphates  di(ring  the  very  early  stages  of 
growth.  From  the  standpoint  of  the  requirements  of  the  plant,  no 
response  would  be  expected  from  the  phosphates,  and  it  is,  there- 
fore, not  strange  that  in  many  instances  a  small  or  negative  effect 
has  re-sulted  from  their  appUcation.  It  should  be  borne  in  mind, 
however,  that  this  is  not  a  study  of  the  plant's  requirements,  but  a 
study  of  the  fertiUty  of  the  soil  as  affected  by  fertilizers  and  that  the 
plants  have  been  used  merely  as  the  indicator  of  the  degree  to  which 
fertility  has  been  affected  by  the  various  applications.  It  is  now 
contended  that  aside  from  the  direct  action  that  various  salts  have 
on  the  growth  and  economy  of  the  plant,  they  may  also  act  directly 
on  the  soil,  thereby  increasing  its  fertility  in  a  way  not  fully  under- 
stood. 

An  inspection  of  the  tables  will  show  that  while  small  and  negative 
effects  have  often  resulted  from  the  phosphate,  there  are  55  soils  in 
which  the  increase  in  growth  attributable  to  this  salt  when  used 
alone  has  ranged  from  10  to  50  per  cent  and  in  two  instances  even 
more. 
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LIME   ALONE   AND   WITH   FERTILIZER   SALTS. 

Table  YIII  shows  the -increase  in  growth  attributable  to  lime,  to  a 
complete  fertilizer  with  and  without  lime,  to  manure,  and  to  cowpea 
vines  with  lime.  The  soils  are  arranged  in  a  descending  series  as 
determined  by  the  efficiency  of  the  complete  fertilizer  without  lime. 
Lime  alone  shows  quite  a  marked  effect  in  the  majority  of  the  soils, 
and  while  its  efficiency  corresponds  in  a  general  way  with  that  of  a 
complete  fertilizer  there  are  numerous  exceptions  to  this.  The  lime 
may  have  little  or  no  effect  where  the  fertilizer  is  markedly  beneficial. 
For  example,  in  the  upper  portion  of  the  table  where  the  figures  for 
the  complete  fertiUzer  range  from  50  to  75  per  cent  increase  in  growth 
there  are  8  soils  on  which  lime  gives  less  than  10  per  cent  increase, 
while  in  the  lower  portion  of  the  table  where  -the  complete  fertilizer 
does  not  exceed  11  per  cent  there  are  7  instances  where  the  increase 
in  growth  attributable  to  lime  exceeds  30  per  cent.  As  a  rule,  the 
efficiency  of  the  complete  fertiUzer  has  been  appreciably  increased  by 
the  addition  of  lime.  There  seems  to  be  little  evidence  in  support  of 
the  contention  sometimes  made  that  the  benefits  due  to  Ume  are 
attributable  to  its  favorable  action  on  nitrification. 

A  study  of  Table  IX,  which  summarizes  the  results  of  Table  YIII 
and  all  data  for  the  same  soils  in  Table  III — ^i.  e.,  gives  the  mean  per- 
centage increase  in  growth  attributable  to  the  several  fertilizer 
salts  and  combinations  for  groups  of  soils  in  which  the  efficiency  of 
a  complete  fertilizer  falls  within  certain  Umits  as  given  in  the  second 
column — shows  that  as  the  efficiency  of  a  complete  fertilizer  declines 
there  is  a  corresponding  decUne  in  the  effect  of  practically  all  ingre- 
dients and  combinations.  This  is  equally  as  true  for  manure  or  for 
potash  and  phosphate  as  it  is  for  nitrate  of  soda  and  lime,  so  that 
the  parallel  decline  in  the  lime  and  nitrate  columns  in  the  table  loses 
significance.  Of  the  soils  in  Table  VIII,  where  the  efficiency  of  a  com- 
plete fertilizer  is  not  less  than  25  nor  more  than  75  per  cent,  there  are 
17  in  which  the  efficiency  of  lime  exceeds  35  per  cent  and  31  in  which 
it  is  10  per  cent  or  less.  As  a  result  of  averages  of  these  two  groups 
of  soils,  we  get  the  following  results:  Seventeen  soils  (lime  giving 
increase  of  35  per  cent  or  more)  average  efficiency,  lime  63,  N  35, 
NKP  49;  31  soils  (lime  giving  increase  of  10  per  cent  or  less)  lime  4, 
N  24,  NKP  40.     The  effect  of  nitrogen  is  obtained  from  Table  III. 

The  difference  in  the  efficiency  of  lime  is  here  very  marked,  drop- 
ping from  an  average  of  63  per  cent  for  the  17  soils  to  only  4  per  cent 
for  the  31  soils.  The  relative  decUne  in  the  effect  of  nitrate  of  soda 
and  the  complete  fertilizer,  however,  is  small,  being  from  35  to  24  for 
the  former  and  49  to  40  for  the  latter. 
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Table  VIII. —  Weight  of  plants  on  the  untreated  soil  atul  the  percentage  increase  ingrowth 
produced  by  limey  a  complete  fertilizer  with  lime^  a  complete  fertilizer,  manure,  and  cow- 
pea  vines  with  lirnr^ 


State. 


Locality. 


North  Carolina. . 

North  Carolina. 

North  Carolln;:. 
Virginia. 


New  Hanover 

County. 
New  Hanover 

County. 
Iredell  teat  farm... 
Louisa  County 


Indiana. '  Newton  County. . 

Georgia. |  Waycross  area.. 


Georgia., 


Waycrou  area.. . 


Georgia. i  WaycroM  area- 
Iowa. I  Ames , 


Georgia <  Waycross  area.. 


Geoi^ia.. 
Georgia.. 

Iowa. 

Georgia.. 
Georgia.. 


Alabama.. 


Vireinia... 
AlaDama.... 
Texas • , 


Waycross  area.. 
Waycross  area.. 

Leon , 

Waycross  area. . 
Waycross  area.. 


Marion 


Geoivia 

Nortn  Carolina. 

• 

North  (^arolimi. 


Portsmouth. 

Marion 

Rusk  County. 


Waycross  area 

New  Hanover 

County.. 
Tarboro 


Alabama 

North  (^-arolimi. 


Lee  County 

Chowan  County, 


Alabama. Lee  County. 


Louisiana. 
Indiana. . . 


South  Carolina.. 

Georgia. 

Iowa. 


I 


North  Carolina. 

North  Carolina. 

Louisiana 

South  Carolina... 
South  Carolina...! 


Caddo  Parish..... 
Tippecanoe 

County. 
Cherokee  County. . 

Waycross  area 

Blackhawk 

County. 
Kdgecombe 


Pinehurst 

Caddo  Parish 

York  County 

Cherokee  County. 


Soil. 


Norfolk  sand... 


Portsmouth 
fine  sand. 

Cecil  clay 

Cei>ll  loam , 

Peat 


Portsmouth  fine 

sand. 
Norfolk  fine  sandy 

loam. 
Norfolk  sandy  loam 
Wisconsin  drift 

(poor). 

Portsmouth  fine 

sand. 
Norfolk  flzkB  sand... . 
Norfolk  line  sandy 

loam. 

Kansan  till 

Norfolk  sand. 

Portsmouth  fine 

sand.. 

Orangeburg  sandy 

loam. 

Peat 

Orangeburg*  clay . . . 
Norfolk  fine  sandy 

loam. 
Norfolk  sandy  loam. 
Norfolk  fine  sand 

Norfolk  fine  sandy 

loam. 
Norfolk  sandy  loam. 
Portsmouth  silt 

loam. 
Norfolk  sand 


Norfolk  fine  sand 
Miami  silt  loam . . 


Cecil  sandy  loam. , 

Norfolk  sand 

lowan  drift 


Iowa. Ames. 


Louisiana.. 
Alabama... 
MissiHsippi. 
Georgia 


Caddo  Parish.. 

i.iee  County 

Pontotoc  area. 
Waycross  area. 


North  Carolina. 

Texas , 

South  Carolina. 


Florida.... 
MissiHHippi. 

Texas 

Texas 

Wisconsin. 


Raleigh 

Husk  County 

Cherokee  County.. 

Escambia  County 

Montgomery 

County. 
Rusk  County 


Norfolk  fine  sandy 

loam. 
Portsmouth  sand. . 
Norfolk  hne  sand  . . . 

Cecil  sand 

C«cil  fine  sandy 

loam. 
Wisconsin  drift 

(good). 
Norfolk  fine  sand  . . . 
Norfolk  coarse  sand . 

Lufkin  silt  loam 

Norfolk  fine  sand  . . . 

Cecil  sandy  loam 

Norfoil(  fine  sand  . . . 
Cecil  silt  loam 


Weisht 

plants, 

un- 
treated 

sou. 


Increase  attributable  to— 


Rusk  County 

Portage  County .  .1 


Norfolk  fine  sandy 

loam. 
Orangeburg       fine 

sandy  loam. 
Norfolk  fine  sandy 

loam. 
Caddo    fine    sandy 

loam. 
Muck 


OraiM. 
4.1 

3.0 

4.5 
4.6 
4.4 

&.2 

3.9 

6.6 

7.7 

6.2 

6wl 
7.6 

5.9 
&5 
&6 

4.8 

3.2 

9.1 
7.6 

7.0 
6.4 

3.0 

7.7 
4.6 

&8 

5.3 
6.6 

&9 
5.6 
9.0 

4.8 

4.8 
6.4 
3.9 
6.9 

9.6 

3.7 
5.3 
6.4 
6.0 

4.1 
8.5 

6.6 

3.3 
7.5 

ai 

8.2 
7.2 


L. 


Art. 
66 

70 

45 
71 
14 

92 

64 

35 
17 

29 

34 
40 

6 
64 
20 

12 

76 
20 
21 

0 
16 


19 
19 

57 

9 
17 

4 

20 
36 


NPKL. 


40 

I 
7 

23  I 


P.d. 
164 

173 

106 

163 

70 

153 

106 

100 


NPK.  M. 


CvL. 


I 


P.ct. 
161 

no 

106 
102 
100 

90 


86 
82 


117 

84 
89 

42 

109 

75 


60 

97 
56 

64 

57 
70 

70 

87 
67 

103 

74 
35 

65 
121 


25 

77 

26 

46 

39 

80 

8 

51 

29 

66 

-  5 

41 

113 

5 

70 

63 

56 

27 

32 

52 

103 

21 

55 

39 

5() 

136 

130 

24 

64 

41 
47 
41 


P.d.  P.d. 
254    144 


77 

74 
73 

73 
72 
71 


60 

60 
67 
66 

64 
68 

63 

63 
62 

62 


58 

58 
67 
67 

66 

56 
56 
54 
52 

62 

51 
50 
60 
60 

40 
49 
48 

48 

48 

48 

47 

47 


130 

90 
63 
40 

219 

150 

109 

86 


160 

102 
113 

24 

124 

64 


I 


37 

47 

49 

105 

103 
94 

38 

61 
46 

107 

28 

71 

71 

114 

69 

66 

41 
92 
90 
88 


I 


86 
81 

90 

60 

48 

61 

61 


230 


158 
18 

175 

176 

109 


148 

107 
113 


118 
100 


60 

72 
35 
62 

94 
37 

78 

164 

74 

160 

80 
30 

5 
132 


46 

98 

60 

123 


47 

146 
59 
37 

113 

195 

101 

78 

107 

53 

64 

48 

74 

136 
60 
80 
57 
16 
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Table  VIII. — Weight  of  plants  on  the  untreated  soil  and  the  percentage  increase  in 

growth  produced  by  lime,  etc. — Continued. 


State. 


Looaltty. 


Soil. 


Florida 

Alatiftina.. 
•Missisidppi 
Alabama. . 
XewYork. 


Ninth  Carolina. 
Itnituc^ 


Trxas 

Arifanaas. 
Texaa 


Wiconain. 
Arkansas. 
Vii^nja.. 


Tennessee. 
Louisiana. 


Escambia  County 

Lee  County 

Pontotoc  County. 

Lee  C'Ounty 

Tompkins  Coun- 

XJmon  County 

McCracken  Coun- 
ty. 
San  Karoos  area.. 
Prairie  County . . . 
Rusk  County 


Portage  County  . 
Prairie  County  ... 
Louisa  County 

Henderson  Coun- 

Caddo  Parish 


Texas. 
Texas. 


Rusk  County . 
Rusk  County. 


Wisconstn 

New  York 

South  Carolina 

Alabama 

Louisiana 


Portage  County 


Texas 

North  Carolina. 
South  Carolina. 
Texas 


Cherokee  County. 

Lee  County 

Caddo  Parish 


Louisiana. 


Texas.. 
Florida. 


Louisiana. 


Now  Jersey. 


San  Marcos  area. 

Stotesvllfe 

York  County 

Rusk  County 


Caddo  Parish. 


San  Marcos  area. 
Escambia  Coun- 

Caddo  Parish.... 

Woodbine 


Rhode  Island. . . 

Virginia ' 

Virginia I 

North  Carolina..' 
Texas \ 


North  Carolina . 


Missouri . . . 
New  York. 
Mississippi 
Louisiana  . 


] 


Arkansas 

Texas.'. 

PonnsylTania.... 

South  Carolina. . 

.Arkansas 

Arkansas 

South  Carolina.. 


New  York. 
Mississippi . 


Kingston 

Louisa  County... 
Hanover  County. 

Wake  County 

San  Marcos  area. 

New    Hanover 

County. 
Scotland  County. 

Qeneseo 

Pontotoc  area 

Caddo  Parish 


Prairie  County .. 

Rusk  County 

Montgomery 

County. 
Cherokee  County 
Prairie  County . . 
Prairie  County . . 
St.  Matthews 


Arkansas. 
Texas 


Bi  ngham  ton 

County. 
Pontotoc  County. 

Prairie  County . . , 
Rusk  County 


North  Carolina..'  Biltmore. 


Norfolk  sand 

Norfolk  sandy  loam. 
Orangeburg  clay  . . 
Cecil  sandy  loam  . . 
Dunkirk  clay  loam. . 

Silt  loam 

Memphis  silt  loam. . 

Crawford  silt  clay. . . 

.Acadia  silt  loam 

Oran0?burg       fine 
sand. 

Miami  sand 

Waverly  silt  loam. . 
Wickham       sandy 

loam. 
Lexington  silt  loam. 

Caddo   fine    sandy 

loam. 
Norfolk  fine  sand.. 
Orangeburg       fine 

sandy  loam. 

'Marshall  sand 

Volusia  silt  loam. . . 

Cecil  clay 

Norfolk  sand 

Norfolk  fine  pandy 

loam. 
Houston  black  clay. 

In^dell  clay  loam 

Cecil  sandy  loam 

Caddo   fine   sandy 

loam. 
Norfolk  fine  sandy 

loam.  , 

Blanco  loam 

Norfolk  fine  sandy 

loam. 
Orangeburg       fine 

sandy  loam. 
Norfolk  fine  sandy 

loam. 

Miami  silt  loam 

Cecil  sandy  loam... 
Norfolk  sandy  loam 

Tobacco  soil 

Houston  black  clay. 

Norfolk  fine  sandy 

loam. 

Shelby  silt  loam 

Dunkirk  clay  loam  . 

Lufkln  clay 

Orangeburg       fine 

sand. 
Waverly  silt  loam. . 
Norfolk  fine  sand. . . 
Chester  loam 

Iredell  clay  loam 

Crowley  silt  loam. . . 

.Acadia  silt  loam 

Orangeburg  sandy 

loam. 
Wabash  loam 

Orangeburg  sandy 

loam. 

Calhoun  clay 

Orang(>l)urg       fine 

sandy  loam. 
Porters  clay 


Weight 

plants, 

un- 
treated 

soil. 


I 


Orama.' 
5.9 
6.1 
6.6 
5.6 
4.5 

4.6 
5.0 

8.8 
7.4 
7.5 


6.0 
6u5 
7.5 


7.5 : 

44  ' 

8.6 
9.2 

8.4 
4.8 
7.4 
4.7 
7.9 

7.0 
5.2 
7.0 
&1 

5.6 

8.7 
5.5 

5.0 

6.5 

3.6 
7.2 
7.5 
4.7 
7.9 

7.3 

9.6 
8.9 
6.4 
5.0 

5.0  I 
7.8  i 

7.8  I 

9.1 

7.0 
11.2  , 
11.8 

10.6 

7.6 

&3 
9.2 

12.4 


Increase  attributable  to— 

L. 

NPKL. 

NPK. 

M. 

CvL. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct, 

24 

55 

46 

94 

97 

11 

64 

46 

42 

104 

-  3 

47 

45 

18 

32 

13 

52 

43 

43 

29 

42 
42 

38 

■28 

54 

4 

51 

18 

48 

42 

70 

2 

34 

46 

42 

56 

11 

23 

48 

41 

31 

38 

8 

60 

40 

80 

68 

7 

43 

39 

80 

-  4 

61 

55 

88 

38 

54 

9 

85 

36 

31 

-12 

5 

67 

36 

72 

17 

18 

62 

36 

20 

185 

10 

26 

36 

61 

87 

13 

39 

86 

68 

53 

11 

8 

35 

84 

3 

15 

62 

35 

81 

4 

44 

35 

42 

12 

50 

135 

35 

108 

143 

2 

56 

35 

18 

47 

17 

42 

35 

10 

38 

-  1 

28 

34 

33 

83 

41 

34 

76 

58 

17 

36 

34 

62 

40 

28 

.  54 

33 

54 

52 

70 

21 

83 

28 

37 

45 

82 

32 

32 

85 

0 

44 

32 

34 

96 

7 

31 

32 

28 

42 

133 

111 

31 

39 

>  ■  «  a 

5 

39 

^ 

25 

57 

-  1 

47 

30 

44 

-  8 

11 

16 
21 

30 
30 

15 

30 

42 

8 

31 

29 

67 

34 

11 

28 

28 

60 

30 

19 

22 

28 

17 

28 

6 

31 

28 

0 

48 

12 

15 

28 

114 

124 

104 

150 

28 

10 

132 

3 

60 

28 

103 

60 

4 

33 

27 

13 

8 

14 

42 

27 

36 

7 

43 

71 

27 

64 

80 

12 

33 

27 

46 

27 

19 

28 

26 

25 

17 

10 

15 

26 

31 

10 

6 

39 

26 

25 

24 

18 

27 

26 

4 

13 

12 

37 

26 

37 

66 

31 

26 

25 

61 

24 

86 
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Tablb  VIII. — Weight  of  planU  an  the  untreated  sail  and  the  percentage  increage  in 

growth  produced  by  limey  etc.— Continued. 


Stote. 


Locality. 


Qeoigia 

Alabama 

Illinois 

North  Carolina. 

Oeorgia 

Qeorgta 


Texas.. 


New  York. 

Texas 

Wisconsin. 
Florida. . . . 
Mississippi. 


Texas 

Illinois... 
Louisiana. 


New  York.. 
New  Jersey. 
Iowa 


North  Carolina. 

Alabama 

Louisiana 

Texas. 

South  Carolina. 

Arkansas 

Texas 

Indiana 

Alabama 

Louisiana 


Arkansas.. 

Georgia 

Mississippi. 

Texas 

Texas. 


Mississippi. 


Ohio 

Pennsylvania 

Mississippi 

Indiana 


New  York. 
Alabama . . 


Mississippi . 

New  York. 
New  York. 

Florida 

Florida 

Florida.... 


Texas. 


Pennsylvania. 

Louisiana 

Louisiana .... 

Toxas 

Ohio 

Mississippi... 


Waycross  area 

Lee  County 

Manito 

Blantyie 

Waycross  area 
Waycross  area 

Nacogdoches.. 


San  Marcos  area. . 
Portage  County .. 
Escambia  County 
Montgomery 

County. 
San  Marcos  area. . 
Pulaski  County. . . 
Caddo  Pariah 


Ithaca 

Woodbine. 
Ames 


Asheville 

Perry  County  . . . 

Caddo  Parish 

San  Marcos  area. 
York  County — 
Prairie  County . . 
San  Marcos  area. 
Newton  County . 

Lee  County 

Caddo  Parish.... 


Prairie  County. . . 
Waycross  area . . . 
Pontotoc  County. 

Nacogdoches 

Palestine 


Montgomery 

County. 
Westville  area.... 
Montgomery 

County. 
Montgomery 

County. 
Ti  p  pecanoe 

County. 
Tompkins  County 
Perry  County 

Montgomery 

County. 
Tompkins  County 
Tompkins  County 
Escambia  County 
Escambia  County 
Escambia  County 

San  Antonio 


Montgomery 

Countx*. 
Caddo  Parish 

Caddo  Parish. . . . 

Husk  County 

Westerville  arpa. 

Montgomery 
County. 


Sou. 


Norfolk  sandy  loam 
Norfolk  coarse  sand 

Muck 

Porters  sandy  loam. 

Norfolk  sand. 

Norfolk  fine  sandy 

loam. 
Orangeburg      fine 

sandy  loam. 
Volusia  silt  loam. . . 
Crawford  silt  clay .. 
Miami  stony  sand. . 

Norfolk  sand 

Lintonia  loam 

Crawford  silt  clay .. 

Red  silt  loam 

OranffBbuxg       fine 

sand. 
Volusia  silt  loam. . . 
Norfolk  sandy  loam 
Muok 

Porters  day 

Orangeburg  clay . . . 

Miller  fine  sand 

Houston  black  clay. 
IredeU  clay  loam  . . . 

Acadia  silt  loam 

Houston  black  clay. 

Marshall  loam 

Cecil  sandy  loam . . . 
Orangeburg      fine 

sandy  loam. 

Acadia  ^t  loam 

Norfolk  fine  sand. . . 
Monroe  silt  loam . . . 
Orangeburg  clay . .'. 
Orangeburg      fine 

sandy  loam. 
Memphis  silt  loam. . 

Miami  clay  loam... . 
Penn  silt  loam 

Memphis  silt  loam. . 

Marshall  silt  loam . . 

Dunkirk  loam 

Orangeburg  sandy 

loam. 
Memphis  silt  loam. . 

Dunkirk  clay  loam. . 
Miami  stony  loam.. 
Portsmouth  sand  . . 

Norfolk  sand 

Norfolk  fine  sandy 

loam. 
Houston  black  clay 

loam. 

Hagerstown  loam . . 

Caddo   fine    sandy 

loam. 
Norfolk  fine  sandy 

loam. 
Susquehanna     fine 

sandy  loam. 
Miami '  black   clay 

loam. 
Memphis  silt  loam.. 


W-Jht 

plants, 

nn. 

treated 

sou. 

OfXMIM. 

&0 

0.4 

9.4 

4.6 

0.1 

7.9 

8.8 

0.0 

9.2 

?1 

&5 

9.2 

7.0 

7.4 

&4 

0.0 

10. 0 

0.8 

las 

6.8 

&1 

7.7 

9.0 

8.9 

7.0 

8.0 

0.6 

7.3 

7.4 

8.0 

&0 

11.4 

7.0 

&1 

12.3 

8.0 

7.2 

Increase  attributable  to— 


8.4 
81 

10.2 

9.0 
9.0 
8.3 
6.4 
&4 

6.8 


lao 

8.8 
8.7 
7.0 
8.3 
11.2 


L. 


P,ct. 

-  9 
22 

7 
43 
34 
23 

10 

8 
4 

-  3 
29 

24 

20 
10 
20 

9 

2 

-14 

10 

10 

22 

0 

3 

-11 

•6 

22 

10 

7 

14 
0 
9 
4 

-16 

13 

7 

-  8 

0 

-  7 

-  7 
21 

1 

-14 

0 

48 

40 

36 

11 


0 
8 
0 
11 
1 
0 


NPKL. 


P,et. 
48 
23 
33 
22 
66 
36 

24 

16 
31 
19 
23 
10 

42 

38 
28 

32 

17 


63 
36 
34 
20 
17 
41 
23 
21 
28 
16 

37 

26 

18 

6 

9 

17 

11 
4 

9 

0 

11 
17 

20 

12 
7 

48 
74 
14 

19 


23 
14 
30 
26 
11 
-3 


NPK. 


P.et. 
26 
26 
25 
24 
24 
24 

24 


P.a. 

64 

33 
46 

01 
77 
90 

JSO 


77 
14 
47 
06 
30 

40 
26 
16 

61 
26 
04 

0 
32 
81 
26 
61 
32 

8 
77 


23 
23 
22 
22 
22 

22 
22 
21 

20 
20 
20 

19 
19 
19 
19 
18 
18 
17 
10 
16 
15 

15 
14 
14 
14 
14 

14 

13 
13 

13 

12 

12 
12 

12 

11 

11  '    36 


» 

7 

28 
29 
29 
37 

30 

15 
24 

0 

-2 

40 
17 

18 

08 


11 
11 
11 

47 
83 
32 

10 

19 

9 

20 

9 

0 

9 

9 

9 

29 

8 

22 

8 

5 

CvL. 


P.ct, 
42 
41 
51 
31 
05 
67 

15 

13 
34 
8 
65 
48 

62 
45 
28 

29 
14 


10 
20 
48 
32 
19 
21 
23 
34 
56 
26 

16 
36 
39 
5 
43 

40 

45 
36 

34 

4 

0 
20 

28 

-  5 
26 
35 

107 
51 

-  7 


29 
41 
25 

bO 
5 
9 
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Tablb  VIII. — Weight  of  plants  on  the  untreated  toil  and  the  percentage  increase  in 

growth  produced  by  lime,  etc. — Continued. 


sute. 


LooiaiaiiA. 


Miseouri 

Peinnsylvaiila. 

New  York.... 


Arkansas. 
Indiana.. 


New  York. 
Wiaoonsln. 

Louisiana. 

Wisconsin. 
Wisconsin. 
Missouri.. 


Locality. 


.Arkansas., 
Wisconsin. 
New  York, 


Mississippi. 
Louisiana., 
Arlcansas. . 
Arkansas.. 


Missouri.. 
Louisiana. 

Ariomsas. 
Arkansas. 
Indiana.. 


North  Carolina. 

Ohio 

Mississippi 


Ohio 

Illinois... 
ArksDsas. 
Indiana.. 
Texas 


Caddo  Parish 

Crawford  County 
Montgomery 

County. 
Blnghamton 

area. 
Prairie  Coonty.. 
T  ippecanoe 

County. 

Qeneaeo 

'Portage  County. 

Caddo  Parish 

Portage  County. 
Portage  County. 
Crawford  County 

Prairie  County. . 
Portage  County. 
Ringhamton  area 

Montgomery  Co. 
Caddo  Parish  . . . 
Prairie  County.. 
Prairie  County.. 

Crawford  County 
Caddo  Parish  . . . 

Prairie  County . . 
Prairie  County . . 
Newton  County . 

Statesvllle 

Westerrllle  sren. 
Montgomery 
County. 

Strongs  ville 

Clinton  County. . 
Prairie  County.. 
Newton  County . 
Galveston 


Soil. 


Caddo  fine    ssndy 

loam. 
Clarksvllle  silt  l^m 
LAnsdala  silt  loam. . 

Dunkirk     gravelly 

loam. 
Crowley  silt  loam. . . 
Marshall  loam 


Dunkirk  clay  loam. . 
Marshall    gravelly 

loam. 
Caddo   fine    sandy 

loam. 
Miami  sandy  loam. . 
Portage  silt  loam. . . 
ClarksviUe     stony 

loam. 
Crowley  silt  loam.. . 
Portage  silt  loam. . . 
Dunkirk     gravelly 

sandy  loom. 
Memphis  silt  loam. . 

Miller  line  sand 

Crowley  silt  loam. . . 
Morse  chiy 


Wabash  silt  loam . . . 
Norfolk  fine  sandy 

loam. 

Morsoclay 

Waverly  ailt  loam. . 
MarahaU  fine  sandy 

loam. 

Cecil  clay  (good) 

Miami  loam 

Memphis  silt  loam. . 


Miami  clay  loam... 
Marion  silt  loam... 

Morse  clay 

Clvde  fine  sand..., 
Gakest-on  c'ay 


Weisht, 

pUntsJ 

un- 
treated I 

soil. 


Increase  attributable  to— 


L. 


Oranu. '  P.  ct. 
&0  I      19 


6.6 
90 

10.6 

7.1 

7.6 

ia2 

n.o 

5.0  i 
9.0 

lao 

14.6 

10.1 
&7 
6.6 

10.6 
7.8 
&1 
8.8 

7.6 
9.6 

10.8 
7.8 
6.3 

8.8 
&6 
9.5 


7.7 
11.1 
12.6 

n.2 


14 

19 

~  3 

36 

-  8 

8 
2 

8 

4 
5 

-  3 

2 

9 

26 

-  1 

14 

46 

6 

0 
6 

2 

87 

-12 

5 
2 

-  5 

30 
-13 

-  7 
-12 

-  2 


t 

NPKL. 

NPK. 

M. 

CvL. 

P.ct. 

P.ct. 

P.ct. 

P.et. 

16 

8 

■^ 

23 

1 

7 

43 

32 

17 

7 

9 

30 

-11 

7 

20 

-  9 

60 

7 

19 

38 

7 

6 

42 

-  2 

0 

5 

17 

21 

3 

4 

36 

14 

72 

4 

44 

148 

21 

3 

29 

12 

10 

3 

21 

10 

-  2 

3 

-10 

18 

5 

3 

7 

9 

-14 

1 

42 

-14 

27 

1 

29 

69 

16 

1 

-  4 

6 

16 

1 

43 

36 

33 

0 

18 

42 

-  7 

0 

6 

22 

2 

-  1 

23 

24 

19 

-  1 

22 

1 

4 

-  3 

4 

9 

40 

-  3 

18 

41 

-  1 

-  4 

60 

-  2 

-  4 

-  6 

9 
48 

2 

15 

3 

-  5 

-  6 

11 

-  (5 

-  8 

9 
48 

-  4 

-12 

-  1 

-11 

5 

4 

-  7 

-17 

32 

-  4 

-  8 

-20 

4 

31 
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An  examination  of  Table  VIII  shows  further  the  efficiency  of 
manure  and  cowpea  vines  with  Ume  as  compared  with  a  complete 
fertilizer  with  and  without  lime.  In  the  majority  of  instances  the 
manure  or  cowpea  vines  with  lime,  or  both,  have  proved  superior 
to  the  mineral  fertilizers.  A  careful  analysis  of  the  results  shows  that 
manure  and  cowpea  vines  with  lime  nearly  tie  for  first  rank,  while 
the  complete  fertilizer  with  Ume  xanks  third,  and  without  lime 
becomes  fourth,  or  last.  The  relative  number  of  times  that  each 
treatment  ranks  first  on  the  basis  of  100  for  the  whole  is:  Manure, 
39;  cowpea  vines  with  lime,  39;  complete  fertilizer  with  lime,  16, 
and  complete  fertilizer  alone,  6. 


38  FERTILITY   OF   SOILS  AS   AFFECTED   BY    MANURES. 

RELATIVE  EFFICIENCY  OF  ALL  SALTS  AND  COMBINATIONS  WHEN  SOILS 
ARE    GROUPED   ACCORDING   TO   EFFICIENCY   OF   PKN. 

Table  IX  is  an  aggregation  of  the  results  in  Table  VIII  and  the 
results  for  the  same  soils  in  Table  III  and  gives  the  average  per- 
centage increase  in  growth  attributable  to  each  ingreditot  and  com- 
bination of  ingredients  for  groups  of  soils  in  which  the  efficiency  of 
a  combination  of  nitrate,  potash,  and  phosphate  was  within  certain 
limits  as  given  in  the  second  column  of  the  table.  It  also  gives  the 
average  green  weight  of  plants  grown  on  the  untreated  soil  for  each 
of  the  groups  as  well  as  the  weight  produced  by  a  complete  fertilizer 
and  the  weight  produced  by  the  best  average  treatment  for  each 
group  which  in  eight  instances  is  attributable  to  cowpea  vines 
with  lime  and  in  three  instances  to  manure. 

The  efficiency  of  the  single  fertilizers,  phosphate,  potash,  lime  and 
nitrate,  with  a  few  exceptions  increase  in  the  order  named,  the  phos- 
phate being  least  effective  and  the  nitrate  most  effective.  In  the 
group  of  soils  for  which  the  efficiency  of  a  complete  fertilizer  is 
60  to  69  per  cent,  potash  outranks  lime  by  1  per  cent,  and  in  the  fol- 
lowing group  it  becomes  identical  with  lime.  In  the  last  two  groups 
in  the  table  lime  outranks  the  nitrate  as  well  as  potash  and  phosphate. 
A  comparison  of  the  efficiency  of  the  several  combinations  of  fer- 
tilizer salts  and  lime  gives  the  order  of  efficiency  that  would  be 
expected  from  a  study  of  the  relative  efficiency  of  the  same  salts 
used  separately.  With  a  few  exceptions,  however,  the  efficiency  of 
the  various  combinations  is  a  little  less  than  the  aggregate  efficiency 
of  the  same  salts  when  used  separately.  These  exceptions  are 
mostly  with  the  combination  of  potash  and  nitrate  (KN),  which  in 
six  out  of  eleven  groups  gives  a  larger  percentage  increase  in  growth 
than  the  aggregate  of  the  same  ingredients  used  separately.  The 
efficiency  order  of  the  combinations,  beginning  with  the  smallest, 
is  phosphate-potash  (PK),  phosphate-nitrate  (PN),  potash-nitrate 
(KN),  phosphate-potash-nitrate  (PKN),  and  phosphate-potash- 
nitrate-lime  (PKNL).  In  the  four  lowest  groups  of  the  table,  how- 
ever, the  potash-nitrate  (KN)  combination  outranks  the  complete 
fertilizer  without  lime.  A  comparison  of  the  most  efficient  fertilizer 
treatment,  viz,  that  of  the  three  fertilizing  salts  and  lime,  with  the 
results  obtained  with  manure  and  with  cowpea  vines  and  lime  shows 
only  four  groups  in  which  the  fertilizer  with  lime  outranks  the 
manure  and  no  instances  in  which  the  cowpea  vines  with  lime  have 
failed  to  outrank  the  fertilizer  with  lime.  Of  the  eleven  groups, 
cowpea  vines  with  lime  rank  first  eight  times  and  manure  three  times. 

In  the  last  three  columns  is  given  the  average  green  weight  of 
plants  on  the  untreated  soil,  with  a  complete  fertilizer,  and  with  the 
best  average  treatment,  for  each  of  the  eleven  groups  of  soil.     It  is 
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noticeable  that  as  there  is  a  regular  decrease  in  the  efficiency  of  the 
fertilizers  there  is  a  corresponding  regular  increase  in  the  weight 
of  plants  produced  on  the  untreated  soil.  In  other  words,  the  lower 
the  producing  capacity  of  the  soils  the  greater  their  response  to  fer- 
tilizers. The  decrease  in  the  efficiency  of  a  complete  fertilizer  with- 
out lime  is  nearly  inversely  proportional  t6  the  increase  in  the  weight 
of  plants  so  that  the  weight  of  plants  produced  by  the  same  fertilizer 
for  any  group  of  soils  approaches  a  constant.  The  same  is  essentially 
true  for  the  best  average  treatment  with  a  tendency  toward  the 
largest  plants  on  the  poorer  soils,  as  shown  by  the  maximum  weights 
of  plants  for  the  second  and  third  groups  from  the  top  of  the  table 
under  heading  of  best  treatment. 

Table  IX. — Average  effect  offertilizeT  gaits  and  oombinations  by  qroups  accordina  to  the 
(ffidency  of  PKJSj  also  average  weight  of  plants  on  untreated  sotlj  average  weignt  when 
treated  with  PKN,  and  average  weight  with  best  fertilizer  treatment. 


Increase  attributable  to— 


Num-  Range 


of 


of 
effi- 
ciency 


P.   I  K.      N.  !   L. 


P,ct. 

P.ct. 

P.ct. 

5     100+ 

29 

43      66 

4    80-99 

10 

23       58 

6 

70-79 

5 

20 

S 

10 

ea-«9 

15 

26 

15 

50-59 

11 

23 

43 

18 

«M9 

7 

15 

37 

26 

30-39 

7 

8 

23 

35 

20-29 

5 

12 

21 

29 

10-19 

2 

4 

11 

25 

0-9 

1 

5 

6 

1^ 

«-lto 
-    20 

}- 

0 

0 

P.d. 
53 
52 
32 
25 
23 
27 
20 
17 
9 
8 


PK. 
P.ct. 

PN. 
P.ct. 

KN. 
P.ct. 

PKN. 

LPKN. 
P.ct. 

P.  ct. 

58 

75 

8A 

113 

131 

26 

63 

85 

86 

119 

23 

57 

72 

73 

86 

27 

50 

65 

65 

73 

20 

40 

48 

54 

68 

18 

32 

40 

45 

59 

13 

21 

33 

34 

48 

10 

17 

27 

25 

35 

4 

11 

16 

14 

23 

2 

6 

12 

5 

15 

-7 

2 

7 

-7 

4 

Ma- 
nure. 


P.ct. 
115 
141 
96 
69 
69 
57 
46 
45 
31 
24 

21 


Cow- 

1  P©a 
vines 

,  and 
lime. 


P.ct. 

137 

153 

119 

84 

83 

62 

56 

41 

29 

26 


Weight  of  plants. 


Best 
treat- 
ment. 


11 


Un- 

treated 

PKN. 

soil. 

Qma'. 

Qms. 

'  4.1 

8.7 

5.8 

108 

5l9 

10.2 

6.0 

9.9 

5.8 

8.9 

6.3 

9.1 

6.6 

8.8 

8.0 

10  0 

8.2 

9.3 

9.0 

9.5 

9.3 

8.7 

Om». 
9.7 
14.7 
12.9 
11.0 
10  6 
10 
10 
11. 
10 


2 
3 
9 
7 


11.3 
11.2 


RELATIVE    EFFICIENCY    OF  -SALTS    WHEN    USED    ALONE    AND    IN 

COMBINATION. 

In  these  tests  as  shown  in  Table  III,  beginning  on  page  15,  each 
of  the  three  salts,  acid  phosphate,  sulphate  of  potash,  and  nitrate 
of  soda,  has  been  used  separately  and  in  three  combinations,  thus 
giving  four  observations  relative  to  the  increase  in  growth  pro- 
duced by  each.  For  Ume  there  are  two  observations,  while  for 
manure  and  cowpea  vines  and  lime  there  is  only  one  observation 
each.  While  it  is  disputed  ground  as  to  whether  the  efficiency  of  a 
fertilizer  salt  should  be  measured  by  using  it  alone  or  by  combining 
it  with  all  other  elements  in  which  the  soil  may  be  deficient,  many 
experimenters  have  adopted  the  combination  as  the  most  reliable 
means.  It  seems  probable,  however,  that  theoretical  considerations, 
rather  than  observed  results,  have  led  to  the  adoption  of  such  a 
system,  the  idea  being  that  if  the  soil  is  deficient  in  two  or  more 
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ingredients  the  full  benefits  of  any  one  of  them  can  not  be  obtained 
in  the  absence  of  a  sufficiency  of  the  others.  While  such  reasoning 
seems  logical  it  is  not  always  supported  by  facts,  as  may  be  seen  by 
a  study  of  Table  IV.  Here  there  are  only  20  soils  out  of  190  in 
which  this  seems  to  be  noticeably  true,  while  there  is  a  much  larger 
number,  viz,  50  soils,  in  which  the  efficiency  of  the  ingredients  used 
separately  is  much  more  marked  than  when  used  in  combination, 
and  this  in  spite  of  the  fact  that  all  three  of  them  produce  quite 
marked  results.  Indeed,  when  we  calculate  the  average  efficiency 
of  the  ingredients  for  all  soils  we  find  that  each  is  slightly  more 
efficient  when  used  alone  than  when  in  combination  with  one  or 
more  other  ingredients. 

As  an  average  of  many  field  tests  on  various  crops  and  in  numerous 
localities  the  conclusion  is  that  the  efficiency  of  a  fertilizer  ingredient 
is  about  equally  as  marked  whether  used  alone  or  in  combination 
with  one  or  more  other  ingredients.  On  the  less  productive  soils  the 
tendency  is  toward  a  better  effect  from  the  ingredient  when  in  com- 
bination with  other  ingredients  which  are  also  beneficial.  On  better 
soils  the  tendency  is  in  the  other  direction.^  For  many  individual 
soils  this  tendency  is  as  marked  under  field  conditions  as  it  is  in  the 
pots. 

Numerous  bulletins  of  the  Alabama  agricultural  experiment  station 
report  the  results  of  fertilizer  tests  that  were  conducted  at  intervals 
during  the  years  1889  to  1900.  Of  such  t^ts  156  were  cooperative 
experiments  with  cotton  and  were  carried  on  in  53  of  the  67  counties 
of  the  State.  The  fertilizer  materials  used  per  acre  consisted  of  nitro- 
gen derived  from  90  pounds  of  sulphate  of  ammonia  or  96  poimds  of 
nitrate  of  soda  or  200  pounds  of  cotton-seed  meal,  potash  derived 
from  150  or  200  pounds  of  kainit  or  64  pounds  of  muriate  of  potash, 
and  phosphorus  derived  from  195  or  200  pounds  of  dissolved  bone- 
black  or  240  pounds  of  acid  phosphate.  The  three  classes  of  fertilizer 
were  used  separately  and  the  three  were  also  combined,  each  ingre- 
dient entering  into  the  combination  in  the  same  amount  as  when 
used  alone.  The  results  are  reported  in  poxmds  of  seed  cotton  per 
acre  over  and  above  that  produced  when  no  fertilizer  was  used,  and 
the  data  for  each  of  the  three  fertilizers  when  used  alone  and  in  com- 
bination are  complete  for  134  tests.  The  aggregate  increase  attrib- 
uted to  the  three  fertilizers  when  used  separately  was  443.2  pounds  of 
seed  cotton  per  acre,  as  compared  with  an  average  of  444.7  pounds 
increase  per  acre  when  the  same  ingredients  were  combined. 

Table  X  shows  the  percentage  increase  in  growth  attributable  to 
each  ingredient  when  used  separately,  as  compared  with  the  calcu- 

o  See  tabulated  re^ulta  on  com  in    "  Results  in  Field  Experiments  with  Various 
Fertilizers,'*  by  Prof.  W.  0.  Atwater,  Ph.  D.,  U.  S.  Dept.  Agr.,  1883. 
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lated  increase  where  it  occurs  in  the  several  combinations.  The 
results  are  for  each  of  the  four  ingredients,  lime,  nitrate,  potash,  and 
phosphate,  and  are  the  averages  for  each  of  the  25  areas  given  in 
Table  III.  As  an  iUustration  of  how  the  results  are  calculated,  take 
the  average  results  of  the  five  soils  from  Cherokee  County,  S.  C.  Nitrate 
alone  gave  an  increase  of  40  per  cent.  Nitrate  and  phosphate  pro- 
duced an  increase  of  36  per  cent,  or  40  per  cent  more  than  phosphate 
alone,  while  nitrate  and  potash  produced  49  per  cent,  or  42  per  cent 
more  than  potash  alone.  The  average  effect  for  nitrogen  in  these 
two  combinations  is  therefore  41  per  cent  and  is  entered  in  the  second 
column  under  nitrogen.  As  NP  =  36  and  NK  =  49,  by  addition 
(2X)PK  =  85.  However,  PK-3,  so  by  difference  we  have  2N  =  82 
or  N  =  41,  which  is  entered  in  the  third  column  under  nitrogen. 
NPK  =  44  and  since  PK  =  3,  N  in  the  NPK  combination  produced  an 
increase  of  41  per  cent.  The  four  values  each  for  potash  and  phos-  • 
phate  and  the  two  values  for  Ume  are  obtained  in  the  same  manner. 
For  this  area  the  efficiency  of  the  several  ingredients  is  very  uniform, 
the  range  of  variation  for  nitrate,  potash,  and  phosphate  being  only 
1  per  cent,  while  for  lime  the  difference  between  the  two  observations 
is  7  p^r  cent.  Since  the  results  in  Table  X  are  based  upon  the  average 
of  all  soils  from  each  area  the  variation  in  the  efficiency  of  the  ingre- 
dients as  they  occur  in  the  various  combinations  is  not  marked.  By 
making  the  same  calculations  for  each  of  the  soils,  however,  many  of 
them  show  a  marked  variation  in  the  efficiency  of  the  ingredients  as 
they  occur  in  the  several  combinations,  a  difference  far  too  great  to 
be  attributable  to  error  of  observation,  which  by  actual  test  has  been 
found  not  to  exceed  plus  or  minus  5  per  cent.  Where  the  variation 
in  the  efficiency  of  a  fertilizer  ingredient,  as  it  occurs  alone  and  in 
several  combinations,  exceeds  the  limit  of  error  in  observations  as 
above  stated,  such  portion  of  the  variation  as  exceeds  that  limit  must 
be  attributable  to  its  association  with  the  other  ingredients.  Just  as 
in  a  solution  of  several  salts  the  presence  of  one  may  increase  or 
decrease  the  solubility  of  others,  so  in  the  soil  the  addition  of  one 
ingredient  may  increase  or  decrease  the  effectiveness  of  another.  It 
has  already  been  shown  that  for  quite  a  number  of  soils  the  effect  of 
three  ingredients  combined  is  no  better  than  for  one  of  them  and  that 
one  ingredient  may  be  substituted  for  another  with  equally  good 
effect.  See  Table  VI,  page  30.  On  the  other  hand,  there  are  many 
soils  in  which  the  effect  attributable  to  a  combination  of  three  ferti- 
lizer ingredients  is  two  or  three  times  greater  than  the  aggregate  effect 
of  the  same  ingredients  when  used  separately.  See  latter  portion  of 
Table  IV,  page  26. 

The  variation  in  the  efficiency  of  a  fertilizer  ingredient  as  used  sep- 
arately and  in  several  combinations  bears  no  consistent  relation  to  the 
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efficiency  of  the  ingredients  with  which  it  is  associated  or  to  the  effi- 
ciency of  the  combination  as  a  whole.  If  nitrate  of  soda  produces  an 
increase  in  growth  which  equals  or  exceeds  that  produced  when  it  is 
associated  with  potash  and  phosphate,  as  is  frequently  shown  in 
Table  IV,  page  26,  we  would  theoretically  expect  little  or  no  effect  from 
either  potash  or  phosphate  when  used  alone  on  the  same  soils.  Con- 
trary to  this  theory,  however,  we  find  that,  with  an  occasional  excep- 
tion, both  potash  and  phosphate  are  markedly  efficient  on  these  soils. 
On  the  other  hand,  if  nitrate  of  soda  produces  little  or  no  increase  as 
compared  with  a  fair  to  good  increase  obtained  when  it  is  combined 
with  potash  and  phosphate,  as  is  frequently  shown  in  the  latter  por- 
tion of  Table  IV,  we  should  expect  to  obtain  fair  to  good  results  from 
potash  or  phosphate  when  used  alone  on  the  same  soils.  But  what  do 
we  find  ?  Usually  little  or  no  effect  from  potash,  and  a  negative  effect 
from  the  phosphate.  Table  V,  page  30,  which  is  a  condensation  of 
the  results  in  Table  IV,  shows  up  this  relationship  in  a  striking  man- 
ner. In  that  table  is  given  the  average  percentage  increase  in 
growth  attributable  to  each  of  three  ingredients  and  their  combination 
for  groups  of  soils  in  which  the  aggregate  effect  of  the  ingredients  dif- 
fers within  certain  limits  from  that  obtained  when  they  are  used  in 
combination.  It  will  be  noticed  that  there  is  a  more  or  less  regular 
and  parallel  decline  in  the  efficiency  of  each  of  the  ingredients  when 
used  separately,  from  a  maximum  of  37,  49,  and  64  per  cent  for 
phosphate,  potash,  and  nitrate  to  a  minimum  of— 18,  —  5,  and  2  for  the 
same  ingredients,  respectively.  Notwithstanding  this  marked  de- 
cline in  the  efficiency  of  the  ingredients  when  used  separately,  the 
efficiency  for  the  three  ingredients  combined  is  essentially  as  marked 
at  the  end  of  the  series  as  at  the  beginning,  the  average  effect  for  the 
first  and  last  groups  being  52  and  53  per  cent,  respectively.  The 
aggregate  effect  of  the  three  ingredients  used  separately  is  150  and  —  8 
per  cent  for  the  same  groups.     (See  Table  V,  p.  30.) 
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Table  X.  Percentage  increase  in  growth  attributable  to  each  fertilizer  salt  and  lime^  when 
used  aUnu  and  when  \tsed  in  various  combinations,  as  ralcutated  by  the  difference  method. 
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RELATION    OF    FERTILIZER    REQUIREMENTS  TO   CHARACTER    OF  SOILS. 

That  soils  vary  greatly  in  their  crop-producing  capacity  and  in  the 
degree  to  which  they  respond  to  fertiUzers  under  field  conditions  has 
long  been  known  as  a  result  of  experience  and  also  as  a  result  of  care- 
fully recorded  field  tests.  This  marked  diflFerence  in  the  degree  to 
which  various  soils  respond  to  fertiUzer  treatments  is  the  most  strik- 
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Fia.  1.7-Peroontage  increase  in  growth  of  plants  attributable  to  various  fertilizer  treatments  of  five 

principal  soil  tsrpes  of  the  Waycross  area,  Georgia. 

ing  feature  manifested  in  the  results  recorded  in  the  preceding  tables. 
It  has  also  been  long  contended  that  there  is  a  relation  between  the 
origin  and  the  character  of  the  soil  and  the  character  of  the  fertihzer 
that  would  be  required  to  produce  good  results.  It  is  doubtful,  how- 
ever, if  such  a  claim  can  be  substantiated  by  observed  facts  over  a 
large  territory.  It  certainly  is  not  borne  out  by  the  results  obtained 
on  the  220  soils  here  reported,  except  in  case  of  the  muck  soils  which 
uniformly  respond  to  potash.     In  fact,  the  character  of  the  fertilizer 
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required  for  the  same  types  or  series  of  soils,  as  found  in  widely  sep- 
arated areas  or  localities,  and  as  shown  by  these  results,  varies  more 
than  that  required  for  different  types  and  series  when  they  occur  in 
the  same  area  or  locality.  In  illustration  of  this  point,  five  soils  from 
Waycross,  Oa.,  tested  in  triplicate,  show  a  marked  uniformity  in  the 
character  of  their  manurial  requirements,  regardless  of  the  fact  that 
they  represent  five  types  and  two  soil  series.  The  same  soils  in 
Escambia  Coimty,  Fla.,  show  manurial  requirements  of  a  very  differ- 
ent character.     (See  Table  III,  p.  15,  and  figs.  1  and  2.) 

In  the  Waycross  area  nitrate  of  soda  is  much  more  effective  than 
sulphate  of  potash,  and  while  Ume  is  decidedly  beneficial  it  is  not 
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Fio.  2.— Percentage  incraaae  in  grovth  of  plants,  attributable  to  various  fertilizer  treatments  for 
soil  of  the  Waycross  area,  Georgia,  and  Escambia  County,  Fla. 

equal  to  nitrate  of  soda.  In  Escambia  County  sulphate  of  potash  is 
nearly  as  efficient  as  nitrate  of  soda,  and  hme  is  about  twice  as  effect- 
ive as  the  three  fertiUzer  ingredients  combined.  These  differences 
are  based  on  aVerage  results  for  the  two  areas,  and  notwithstanding 
that  the  soils  are  of  the  same  type,  series,  and  formation,  they  show  as 
marked  differences  in  the  character  of  fertiUzer  required  as  will  be 
found  between  any  of  the  areas,  even  when  the  soil  types  are  entirely 
different. 

A  Cecil  sandy  loam  from  Raleigh,  N.  C,  was  markedly  improved  by 
each  of  the  three  fertiUzer  salts,  and  also  by  lime,  the  increased 
growth  of  plants  obtained  when  aU  of  these  ingredients  were  com- 
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bined  being  103  per  cent.  The  same  soil  type  from  Lee  County,  Ala., 
as  a  result  of  tests  on  two  samples,  gave  no  response  to  either  potash  or 
phosphate,  but  produced  a  fair  increase  in  growth  as  a  result  of  nitrate 
of  soda  and  also  for  lime,  the  maximum  increase  being  40  per  cent 
where  all  three  fertilizer  salts  were  used  in  conjunction  with  lime. 
(See  Table  III,  p,  15.) 

RELATIVE    EFFICIENCY   OF  FERTILIZERS    BY    LOCALITY. 

In  comparing  the  relative  efficiency  of  the  fertilizer  ingredients,  it 
is  found  that  in  the  vast  majority  of  instances  nitrate  of  soda  ranks 
first  and  lime  second.  TKis  is  especially  true  in  the  southern  areas, 
where  fertilizers  are  most  extensivelv  used.  In  the  Central  and  North- 
em  States,  where  the  efficiency  is  less  marked,  there  are  quite  a  num- 
ber of  instances  in  which  potash  or  phosphate  outranks  the  lime  or 
nitrate,  although  on  an  average  the  nitrate  holds  first  rank  and  lime 
second.  Sulphate  of  potash  ranks  next  to  lime,,  while  acid  phosphate 
having  the  lowest  value,  has  in  numerous  instances  shown  a  slightly 
negative  effect. 

With  soils  from  the  States  of  Wisconsin,  Iowa,  Missouri,  Illinois, 
Indiana,  Ohio,  New  York,  and  Pennsylvania  the  response  to  commer- 
cial fertilizers  has  been  moderate,  slight,  or  in  many  instances  almost' 
imperceptible.  On  those  soils,  also,  organic  manures,  in  the  form  of 
cowpea  vines  or  stable  manure,  have  been  very  much  more  effective 
than  the  chemical  ones,  the  mean  relative  increase  attributable  to 
manure  being  nearly  three  times  that  for  a  complete  fertilizer  with 
lime,  i.  e.,  bamj^ard  manure  gave  an  average  increa^se  of  38  per  cent, 
w^hile  the  complete  fertilizer  with  lime  gave  an  average  increase  of 
only  13  per  cent.  (See  Table  XI,  from  which  the  averages  were  com- 
puted.) In  these  States  lime  alone  seldom  showed  a  marked  effect. 
While  the  tests  for  these  States  are  insufficient  in  number  to  represent 
all  soil  types  and  conditions,  yet  the  results  are  in  conformity  with 
the  general  practices  of  the  vast  majority  of  farmers  of  these  sections, 
who  as  a  rule  do  not  purchase  commercial  fertilizers  for'  use  in  the 
growing  of  general  farm  crops,  but  who  for  the  most  part  recognize 
the  high  value  of  barnyard  manure  and  generally  utilize  all  that  is  pro- 
duced on  the  farm. 

In  the  Atlantic  and  Gulf  Coast  States,  including  Kentucky,  Tennes- 
•  see,  and  Arkansas,  for  which  a  larger  number  of  observations  have 
been  made  and  where  most  of  the  important  soil  types  have  been 
tested,  the  soils,  with  few  exceptions,  respond  in  a  marked  degree  to 
commercial  fertilizers  and  lime,  and  while  cowpea  vines  and  stable 
manure  are  on  an  average  somewhat  superior  to  commercial  fertilizers, 
the  differences  between  the  relative  value  of  these  materials  is  small, 
being  54.7  and  58,6  per  cent  increase  in  growth  for  commercial  fertil- 
izers and  manure,  respectively,  as  compared  with  13  and  38  per  cent 
for  the  same  materials  in  the  former  group  of  States.     (See  Table  XI, 
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from  which  these  averages  were  computed.)  In  other  words,  the 
commercial  f ertiUzers  and  lime  are  more  than  four  times  as  effective 
on  soils  of  the  Altantic  and  Gulf  Coast  States  as  they  are  on  those  of 
the  North  Central  States,  including  New  York  and  Pennsylvania, 
while  manure,  when  compared  on  the  same  soils,  is  only  a  half  better 
on  the  soils  from  the  former  States.  In  this  respect  the  results  are 
a<rain  in  conformity  with  the  practices  in  the  Atlantic  and  Gulf  Coast 
States,  where  the  bulk  of  the  commercial  fertilizers  are  used. 

GOHPAKATIVE   FERTJUTT   OF   SOILS. 

Another  point  brought  out  in  the  tables  is  the  relative  fertility  or 
crop-yielding  capacity  of  the  untreated  soils.  Under  the  prevailing 
condition  of  crops  and  cHmate  in  the  field,  marked  differences  in  this 
respect  exist,  some  of  the  better  soils  showing  a  crop-producing 
capacity  four  or  five  times  as  great  as  that  of  the  poorer  ones.  In 
these  tests,  where  all  soils  are  put  into  excellent  physical  condition 
and  where  moisture  and  temperature  are  always  favorable,  these  dif- 
ferences are  less  marked  but  nevertheless  exist  to  a  considerable 
degree,  as  may  be  seen  by  comparing  the  actual  weight  of  plants 
grown  on  the  untreated  soils.  The  average  growth  of  plant3  on 
untreated  soils  from  the  North-Central  States,  including  New  York 
and  Pennsylvania,  is  28  per  cent  greater  than  the  average  of  those 
from  the  Atlantic  and  Gulf  Coast  States.  This  difference  in  the  initial 
crop-producing  capacity  of  the  soils  from  the  two  sections  as  indicated 
in  the  pots  is  sufficient  to  make  the  actual  increase  in  growth  from  the 
stable  manure  nearly  as  great  from  one  section  as  from  the  other. 

Table  XI. — Increase  in  growth  attributable  to  complete  fertilizer  with  lime  and  manure; 
ond  proportionate  cost  of  fertilizer  to  value  of  crops  as  obtained  from  CensuSy  1900. 
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RELATIVE    RESPONSE    TO    FERTILIZERS    AND    EXPENDITURES   FOR   FER- 
TILIZERS. 

In  Table  XI,  where  the  average  percentage  increase  in  growth 
attributable  to  the  complete  fertiUzer  and  lime  is  given  for  each  area 
and  arranged  in  an  ascending  series,  there  is  also  given  the  average 
percentage  increase  attributable  to  stable  manure  for  the  same  soils 
as  well  as  the  expenditure  for  commercial  fertilizers  for  the  same 
areas  or  counties.  The  expenditure  for  fertiUzers  in  the  area  is 
expressed  in  percentage  of  the  valuation  of  products  other  than  those 
fed  to  Uve  stock  and  is  computed  from  statistics  reported  in  the 
United  States  Census  for  the  year  1900. 

This  table,  besides  showing  the  relative  response  to  the  chemical 
fertilizer  and  stable  manure,  which  w^as  discussed  in  preceding  pages, 
also  brings  out  the  relation  between  the  response  to  a  complete  ferti- 
lizer and  lime,  as  obtained  by  the  parafi^  pot  test,  and  the  expendi- 
ture for  fertilizer  in  each  county  or  area  expressed  in  percentage  of  the 
valuation  of  crops  produced. 

The  table  is  separated  into  two  portions,  the  first  portion  embracing 
13  areas  or  counties  in  which  the  increase  in  growth  attributed  to  a 
complete  fertilizer  and  hme  ranges  from  0  to  40  per  cent,  and  the 
second  portion  embracing  12  areas  or  counties  in  which  the  increased 
growth  for  the  same  treatment  ranges  from  41  to  107  per  cent.  In 
the  first  portion  of  the  table  there  are  no  localities  where  the  valuation 
of  conmiercial  fertilizer  used  equals  4  per  cent  of  the  value  of  the 
products  grown,  while  in  the  second  portion  there  are  only  four  locali- 
ties where  it  does  not  exceed  such  percentage.  In  the  first  portion 
of  the  table  where  the  response  to  the  fertilizer  with  lime  does  not 
exceed  40  per  cent  there  are  only  three  locaUties  where  the  cost  of 
fertilizer  actually  used  in  1900  exceeded  1  per  cent  of  the  valuation 
of  the  crop  grown.  These  exceptions  are  in  New  York  and  Penn- 
sylvania, in  areas  where  special  crops  probably  receive  more  attention 
than  in  the  others.  The  one  in  Pennsylvania  was  immediately 
about  Philadelphia.  Their  nearness  to  both  the  great  produce  and 
fertiUzer  markets  is  also  a  factor  tending  to  the  more  extensive  use 
of  fertilizers. 

Of  the  four  counties  in  the  second  portion  of  the  table  in  which  the 
cost  of  fertilizers  used  does  not  exceed  4  per  cent  of  the  value  of  crops 
grown,  McCracken  County,  Ky.,  and  Henderson  County,  Tenn.,  are 
each  represented  by  only  one  sample.  If  better  represented,  the}' 
would  probably  fall  in  the  first  portion  of  the  table,  as  indicated  by 
the  small  amount  of  fertilizer  used.  The  remaining  two  counties  are 
Caddo  Parish,  La.,  and  Rusk  County,  Tex.,  in  each  of  which  cases  but 
little  commercial  fertilizer  is  used,  though  they  are  grouped  in  the 
second  portion  of  the  table  as  a  result  of  their  response  to  fertilizers  in 
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the  pot  test.  In  these  two  counties  the  soils  were  well  represented  by 
the  samples  tested,  and  the  results  indicate  that  the  moderate  use  of 
commercial  fertilizer  might  prove  profitable.     There  are  other  factors, 


/net,  A/ei¥ion  Co 
A4s3s.,  Ahnifomery  Co 
Afa,   Croitrforc/  Co 
A/.Y  Tompkins    Co 
Wis-,  'Porto^e    Co 
Pa^  Montgomery  Co 
MY.Binfhanfion    Ar^o 
Vo ,  Hanover  Co 
fnd,  Tippecanoe    Co. 
Tenn.,  Henc/erson    Co 
SC,  York    Co 
Ark .  Prairi9    Co. 
L  a. ,    CoMo  /^rtsJt 
Mo .  Scot /one/  Co. 
TeJt ,   Son  Morcos  Area 
Hy.,  Mc  Crack  en  Co 
S.C.C6ero/ree  Co- 
A/o  .  Lee  Co. 
Tex,  Pua/r    Co. 
Mi^s.   Pontotoc     Co, 
Go.    Woycroa    Area 
fja .  £  scam  hi  a   Co. 
Vo.    Loin  so   Co 
^  C.  New  Hanover  Co 


wmm 


"^taft 


"=^B^ 


B^ 


^m 


"r^rm 


Bbmsbhli 


frfffmwMti^nnnv»iiJ9tm 


i\m]wm\m\\\ 


4    O    S    iO 


20 


^ 


J 


so     eo 


/o 


P  c 


H  tssssssa  N 


L      IM^MM 


?io.  3.— Percentage  gain  in  plant  growth  attributable  to  each  of  the  aalte  P,  K,  N,  and  L  when  used 

alone. 

however,  besides  the  comparative  response  to  fertilizers  which  are 
concerned  in  their  profitable  use.  Low  value  of  land,  long  distance 
from  markets  and  seat  of  supplies,  including  fertilizer,  would  all  tend 
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toward  the  unprofitable  use  of  fertilizers.  In  Rusk  County,  Tex.,  and 
Caddo  Parish,  La.,  a  few  farmers  have  begun  the  use  of  commercial 
fertilizers  and  find  them  profitable. 

AVERAGE    EFFICIENCY   OF   FERTILIZER   SALTS,    BY   LOCALITY. 

Figure  3  shows  graphically  the  percentage  increase  in  growth 
attributable  to  each  of  the  fertilizer  salts  and  lime  when  used  sepa- 
rately, and  is  based  on  the  average  for  all  soils  of  each  area  as  given  in 
Table  X  on  page  43.  The  areas  are  arranged  in  an  ascending  series 
according  to  the  aggregate  increase  from  all  ingredients,  which  ranges 
from  a  minimum  of  only  9  per  cent  for  the  Westerville  area,  Ohio,  to  a 
maximum  of  140  per  cent  for  New  Hanover  County,  N.  C.  The  range 
in  the  efficiency  of  the  individual  salts  is  also  marked,  the  increase 
attributable  to  nitrate  of  soda  varying  from  4  per  cent  in  several  of 
the  areas  in  the  upper  part  of  the  diagram  to  65  per  cent  in  New  Han- 
over County,  N.  C,  and  that  for  lime  varying  from  a  slightly  negative 
result  for  Newton  County,  Ind.,  to  an  increase  of  52  per  cent  for 
Escambia  County,  Fla.,  with  somewhat  lesser  variations  for  potash 
and  phosphorus.  In  the  majority  of  the  areas  the  efficiency  of  the 
three  fertilizer  ingredients  and  lime  assume  the  same  order.  In  16  of 
the  25  areas,  nitrate  of  soda  was  the  dominant  salt,  while  lime  was 
dominant  in  3  and  potash  in  3  of  the  areas.  In  14  areas  out  of  25 
lime  ranks  second  in  efficiency.  In  the  States  of  Indiana,  Missouri, 
Pennsylvania,  and  Virginia  potash  seems  to  have  been  relatively 
more  effective  thin  elsewhere.  In  the  Arkansas  and  Florida  areas 
lime  is  largely  responsible  for  their  position  in  the  series,  and  in  both 
of  them  nitrate  of  soda  holds  a  relatively  low  rank. 

Table  XII. — Average  percentage  increase  in  growth  for  all  fertilizers  and  combinationSf 

by  soil  series. 
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Table  XIII. — Percentage  increase  in  growth  attributable  to  each  fertilizer  salt  and  to 
lime  trhen  used  alone,  as  compared  with  its  calculated  effect  when  used  in  various  com- 
bijuUions.     Averages  for  each  of  six  series  and  Muck. 
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CX>MPARATIVE    EFFICIENCY   OF.  FERTILIZERS,  BY   SOIL   SERIES. 

Table  XII  gives  the  average  percentage  increase  in  growth  attribu- 
table to  each  fertilizer  salt  and  combination  of  salts,  by  soil  series, 
using  only  those  in  which  the  treatments  were  uniform  and  complete. 
No  series  were  used  where  less  than  5  samples  were  available,  except 
in  the  case  of  Muck,  in  which  only  4  samples  were  used. 

Table  XIII  gives  the  percentage  increase  in  growth  attributable  to 
each  of  the  three  fertilizer  ingredients  and  lime,  as  compared  with 
their  effect  w^hen  used  in  the  combinations,  the  efficiency  in  the  com- 
binations being  calculated  by  the  difference  method  previously 
explained.  These  two  tables  show  that  the  relative  efficiency  of  the 
three  salts  and  lime  is  essentially  the  same  for  all  the  soil  series 
except  the  Muck.  The  range  of  efficiency  of  the  complete  fertilizer 
with  lime  is  very  marked,  varying  from  a  maximum  of  96  per  cent 
for  the  Portsmouth  series  to  only  8  per  cent  for  the  Marshall  series. 
It  is  noticeable  that  barnyard  manure  is  relatively  much  more  efficient 
for  the  Marshall  and  Miami  series  than  for  the  others. 

Figure  4  shows  graphically  the  average  relative  percentage  effect- 
iveness of  the  three  fertilizer  ingredients  and  lime  by  series  when  used 
separately,  as  given  in  Table  XIII.  The  variation  in  the  aggregate 
effectiveness  of  the  three  salts  and  hme  for  the  several  series  is  nearly 
as  great  as  when  the  soils  were  grouped  by  localities.  It  is  evident, 
however,  that  the  serial  grouping  is,  to  some  extent,  a  locality  group- 
ing also,  the  Marshall  and  Miami  series,  which  are  the  least  responsive 
to  the  commercial  fertilizers,  occurring  only  in  those  States  in  which 
fertilizers  are  but  little  used,  while  the  Portsmouth  and  Norfolk  series 
are  confined  wholly  to  the  Atlantic  seaboard,  where  fertilizers  are 
most  extensively  used.  While  there  is  a  marked  difference  in  the 
aggregate  effectiveness  of  the  three  salts  and  lime  on  different  series, 
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ranging  from  a  minimum  of  29  per  cent  for  the  Miami  series  to  a 
maximum  of  115  per  cent  for  the  Portsmouth  series^  broadly  speaking 
the  relation  between  the  value  of  the  individual  ingredients  in  the 
several  series  is  remarkably  uniform,  even  more  so  than  occurs  when 
the  soils  are  considered  by  areas.  The  Muck,  represented  by  only 
4  samples,  is  exceptional,  and  shows  the  characteristic  importance 
of  potash,  that  ingredient  being  on  the  average  about  as  effective  as  the 
total  of  Ume,  nitrogen,  and  phosphate.  This  fact  is  also  in  conformity 
with  our  field  knowledge  of  Muck  and  Peat,  which  are  greatly  bene- 
fited by  applications  of  potash  salts. 
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Fio.  4.— Relative  efficiency  of  fertiliser  ingredients  by  soil  series,  when  the  ingredients  are  used  alone. 

Table  XIV. — Average  percentage  increase  ingrowth  attributable  to  each  fertilizer  rnlt  and 
lime  for  soils  of  the  Norfolk,  Portsmouth^  Orangeburg,  and  ^edl  series  when  classified 
by  texture. 
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EFFICIENCY   OF  FERTILIZER   AS    RELATED   TO    SOIL  TEXTURE. 

Table  XIV  gives  the  response  to  each  of  the  three  salts  and  lime 
when  lised  alone  and  when  in  the  various  combinations  for  soils  of  the 
Xorfolk,  Portsmouth,  Cecil,  and  Orangeburg  series  when  grouped  by 
the  variation  in  texture.  This  grouping  of  the  soil  fails  to  bring  out 
any  variations  in  the  character  of  the  fertilizer  required  for  the  differ- 
ent textures,  but  it  does  show  in  general  that  the  finer  the  texture  of 
the  soil^  the  less  marked  is  the  effect  of  the  various  fertilizer  salts  or 
the  a^regate  effect  of  them  all. 

NATURAL  FERTHJTY  AS  RELATED  TO  RESPONSIVENESS  TO  FERTILIZERS. 

Another  comparison  brought  out  in  the  general  tables  is  the  rela- 
tion between  the  crop-producing  capacity  of  the  untreated  soils  in  the 
pots  and  their  response  to  fertilizers.  In  general,  the  lower  the  crop 
capacity,  the  greater  the  response  to  fertilizers  or  manure^  and  vice 
versa. 

Table  XV  shows  the  average  effectiveness  of  a  complete  fertilizer 
and  lime  on  soils  arranged  in  groups  according  to  the  weight  of  plants 
grown  when  untreated,  and  it  is  shown  that  there  is  a  gradual  and 
consistent  decrease  in  the  effect  of  the  treatment,  as  the  imtreated 
soils  are  capable  of  producing  larger  plants. 

Table  XV. — Showing  decreeing  effect  of  fertilizers  with  increasing  productiveness  in 

untreated  samples. 
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It  is  significant  That  the  sandy  soils  of  the  Norfolk  and  Portsmouth 
series,  collected  from  the  Southern  States  where  wheat  is  seldom 
grown,  have  produced  on  an  average  larger  and  more  thrifty  wheat 
plants  by  the  application  of  a  complete  fertilizer  and  lime,  than  have 
been  produced  by  the  same  or  other  treatments  on  soils  of  the  Mar- 
shal] or  Miami  series  from  Wisconsin,  Ohio,  Indiana,  and  New  York, 
where  wheat  does  well.  This  fact  is  in  harmony  with  the  view  now 
gaining  prevalence,  that  the  variation  in  the  character  and  composi- 
tion of  the  mineral  matter  of  soils  is  of  minor  importance  as  regards 
crop  adaptation  and  yielding  capacity,  except  so  far  as  character  of 
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material  influences  condition  of  the  soil  in  its  relation  to  soil  moisture 
and  permeability  to  air,  water,  and  the  roots  of  plants.  In  other 
words,  crop. adaptation  and  crop-producing  power  depend  more  upon 
climatic  environment  and  physical  condition  of  the  soil  than  upon  soil 
type  or  the  geological  formation  from  which  it  is  derived.  The  best 
wheat  soils  or  those  best  suited  to  peaches  or  to  truck  crops  are  not 
so  solely  by  virtue  of  the  character  of  the  mineral  matter  of  which 
they  are  composed,  but  because  there  are  present  climatic  and  soil 
conditions  that  enable  those  classes  of  plants  to  attain  perfection. 

The  poorest  soils,  by  proper  manipulation  and  the  addition  of  suit- 
able manure  or  fertilizer,  can  be  made  to  produce  as  large  yields  in 
the  pots  as  can  be  procured  by  the  same  or  other  treatments  on  the 
best  soils  that  occur,  and  yet  such  applications  have  but  slightly 
altered  the  composition  of  the  soil.  Such  improvement  does  not 
involve  any  considerable  length  of  time,  but  may  be  brought  about 
in  a  few  days  or  at  most  a  few  weeks.  This  does  not  mean  that  it 
would  be  either  feasible  or  practical  to  attempt  such  a  radical  change 
under  field  conditions  in  so  short  a  time.  The  expense  involved 
would  not  justify  the  procedure,  neither  would  the  soil  be  able  to 
maintain  such  an  ideal  condition  under  the  adverse  climatic  condi- 
tions which  might  prevail  or  against  the  poor  systems  of  farming  in 
vogue.  The  improvement  of  soil  conditions  in  the  field  becomes  a 
purely  business  proposition  in  which  the  expense  involved  must  not 
exceed  probable  returns. 

,  Important  in  this  connection  is  the  assembling  and  association  of 
all  those  factors  that  will  work  together  for  the  good  of  the  soil,  such 
as  the  selection  of  suitable  crops,  the  use  of  a  proper  rotation,  the 
adoption  of  catch  and  winter  cover  crops,  and  cultivation  of  such 
character  that  erosion  will  be  reduced  to  a  minimum  and  the  rainfall 
absorbed  and  retained  in  ample  supply.  By  such  procedure  the  con- 
dition of  a  soil  will  in  time  become  greatly  modified  and  its  fertility 
improved.  So-called  soil  robbery  is,  after  all,  more  properly  soil 
mutilation,  brought  about  by  the  carelessness  of  man. 

FEBTILIZEBS  AND  ECONOMY  OF  WATEB  IN  PLANT  GROWTH. 

It  has  been  stated  that  no  attempt  will  be  made  to  explain  how 
fertilizers  effect  an  increase  in  plant  growth,  yet  there  is  one  point 
which  has  -been  established  as  a  result  of  this  investigation  of  which 
mention  should  be  made.  It  is  the  relation  between  growth,  as 
effected  by  fertilizers,  and  water  transpired  by  the  plants  or  used  in 
the  process  of  thieir  growth.  In  all  of  the  tests  a  careful  record  has 
been  kept  of  the  water  transpired  for  each  of  the  13,000  or  more  pots. 
As  a  result  of  such  observations,  it  has  been  found  that  as  fertilizers 
increase  plant  growth,  there  is  a  marked  diminution  in  the  water 
transpired  per  unit  of  growth;  or,  putting  it  in  the  reverse  order, 
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there  is  a  marked  increase  in  growth  for  a  unit  of  water  used,  and 
such  increase  becomes  greater  as  the  fertilizers  are  more  effective. 
As  a  result  of  computations  for  twenty  soils  taken  at  random,  it  was 
found  that  the  percentage  increase  in  growth  for  a  unit  of  water  used 
equaled,  approximately,  one-half  of  the  total  increase  in  growth 
resulting  from  the  fertilizer  treatments. 

Figure  5  gives  the  average  results  for  20  soils  and  shows  not  only 
the  gain  in  growth  following  the  fertilizer  treatments,  but  also  shows 
the  associated  increase  in  growth  per  imit  of  water  transpired. 


Transpira  ti  on 


Green  weifht 


Fio.  5.— Percentage  increase  in  growth  of  plants  attributable  to  fertiliser  and  a<Mx>mpanying  increase 

per  unit  of  water  transpired.    Average  of  20  soils. 

Excepting  lime,  in  the  presence  of  which  transpiration  remains 
nearly  normal,  the  different  fertilizer  constituents  show  no  marked 
variation  in  respect  to  this  phenomenon.  Lime  frequently  produces 
an  increase  in  growth  and  yet  the  plants  maintain  practically  the 
same  rate  of  transpiration  per  unit  of  growth  as  that  observed  for  the 
untreated  soil. 

In  a  few  miscellaneous  tests«  where  the  different  forms  of  potash 
were  tried,  it  was  found  that  kainit  and  muriate  of  potash  decreased 
the  rate  of  transpiration  per  unit  of  growth,  as  compared  with  sul- 
phate of  potash. 
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While  these  observations  have  no  economic  significance  in  the 
pots  where  moisture  content  is  always  ample,  they  may  be  of  con- 
siderable importance  in  relation  to  the  use  of  fertilizers  in  the  field 
and  explain,  in  part,  the  benefits  derived  therefrom.  It  frequently 
happens,  owing  to  scanty  rainfall,  or  a  low  water-holding  capacity 
of  the  soil,  that  the  available  water  supply  is  the  limiting  factor  in 
crop  yields.  Where  such  conditions  exist,  and  they  occur  frequently 
in  all  parts  of  the  country,  the  presence  of  a  fertilizer  which  would 
enable  the  crop  to  economize  in  its  water  consumption  would  be  of 
considerable  importance  and  might,  as  pointed  out  above,  enable 
the  crop  to  make  a  marked  increase  in  growth  despite  the  limited 
water  supply. 

SUMMARY. 

The  paraffin-pot  method  of  testing  the  manurial  requirements  of 
soils,  used  in  these  investigations,  while  not  designed  to  supersede 
field  tests,  is  admirably  adapted  to  an  investigation  of  this  kind  and 
is  very  useful  as  a  method  of  indicating  what  fertilizers  should  be  used 
in  the  field.  t 

The  results  obtained  in  the  pots  with  the  various  ingredients  are 
relatively  the  same  as  those  obtained  in  the  field,  but  may  differ  in 
degree.  This  is  true  of  all  ingredients  commonly  used  except  the 
phosphates,  which  give  a  relatively  lower  effect  in  the  pots  than  the 
others.  The  absolute  effect  is  usually  greater  in  the  field  than  in  the 
pots  and  phosphates  may  frequently  be  economically  used  where 
their  benefits  are  not  indicated  by  the  pots. 

The  results  obtained  in  the  pots  generally  agree  with  the  fertilizer 
practices  in  the  various  sections  from  which  the  soils  were  secured. 
In  the  North  Central  States,  where  but  little  commercial  fertilizer  is 
used,  and  where  the  main  dependence  is  placed  upon  barnyard 
manure,  the  pot  tests  show  manure  to  be  three  times  as  efficient  as  the 
fertilizer.  In  the  Atlantic  seaboard  and  Gulf  Coast  States,  where  but 
little  manure  is  available,  and  where  the  main  dependence  is  upon  com- 
mercial fertilizers,  the  manure  as  tested  in  the  pots  has  been  only 
slightly  superior  to  the  fertilizers.  Muck,  quite  generally  recognized 
as  in  need  of  potash  in  the  field,  has  shown  that  ingredient  to  be 
nearly  as  efficient  as  lime,  nitrate,  and  phosphate  combined,  as  deter- 
mined by  the  pot  teste. 

Transpiration,  while  a  good  indicator  of  the  relative  growth  of 
plants  when  under  like  conditions,  usually  gives  a  range  of  lesser 
magnitude  than  the  variation  by  green  weights. 

The  green  weight  of  plants  grown  for  about  twenty-five  days  in  the 
pots  occasionally  equals  or  exceeds  1  per  cent  of  the  weight  of  the  soil 
in  which  they  grew.  Such  plants  contain  about  85  per  cent  of  water 
and  transpire  approximately  100  grams  of  water  for  each  gram  of 
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green  matter  produced.  The  dry  matter  of  such  plants  is  richer  in 
mineral  constituents  and  nitrogen  than  that  of  the  same  plants  if 
matured.  The  draft  on  the  water  and  mineral  constituents  of  the  soil 
imder  these  conditions  is  greater  than  that  occasioned  by  the  removal 
of  a  large  and  matured  crop  under  field  conditions. 

As  an  average  of  all  tests,  the  organic  manures  have  outranked  the 
chemical  ones.  Barnyard  manure  and  cowpea  vines  with  lime  tie  for 
first  rank.  The  three  chemical  salts  with  lime  rank  third  and  the 
same  salts  without  lime  rank  fourth. 

Of  the  combinations  of  chemical  salts  the  order  of  efficiency  is  as 
follows:  The  three  salts  with  lime,  first;  three  salts  alone,  second; 
potash  and  nitrate,  third;  phos{diate  and  nitrate,  fourth,  and  phos* 
phate  and  potash,  fifth. 

Of  the  salts^ised  individually  the  order  is  nitrate,  lime,  potash,  and 
phosphate;  nitrate  being  the  most  efficient  and  phosphate  the  least 
efficient. 

As  an  average  result  of  all  tests,  nitrate  of  soda  has  produced  a 
marked  increase  in  growth  which  has  not  been  further  increased  by 
the  addition  of  acid  phosphate.  Potash  has  produced  a  moderate 
increase  in  growth  and  when  supplemented  by  nitrate  the  effect  has 
been  slightly  less  than  the  aggregate  of  these  two  ingredients  when 
used  separately.  The  efficiency  of  the  combination  of  nitrate  aud 
potash  has  not  been  appreciably  improved  by  the  addition  of  phos- 
phate. . 

Lime  alone  has  generally  produced  a  marked  increase  in  growth  and 
has  usually  increased  the  efficiency  of  a  complete  fertilizer.  There 
is  but  little  evidence  that  the  benefits  derived  from  lime  are  due  to 
beneficial  action  on  nitrification. 

Soils  vary  greatly  in  crop-producing  capacity  as  found  under  field 
conditions.  Part  of  such  variation  is  due  to  physical  condition  and 
consequent  relation  to  water,  and  is  largely  overcome  in  the  pots. 
After  these  conditions  are  largely  equalized  in  the  pots  marked  differ- 
ences in  crop-yielding  capacity  still  exist  to  such  an  extent  that  good 
soils  may  produce  four  or  five  times  hs  large  a  growth  as  that  produced 
on  very  poor  soils  under  the  same  conditions.  By  the  application  of 
suitable  maniures  or  fertilizers  these  differences  are  overcome,  and  in 
the  pots  the  poorest  soils  when  treated  with  suitable  substances 
become  as  productive  as  the  best  ones. 

Soils  vary  greatly  in  the  degree  to  which  they  respond  to  eommer- 
cial  fertilizers,  lime,  manure,  and  green  maniu-e.  In  general,  the 
degree  of  response  varies  inversely  as  the  crop-yielding  capacity  and 
ranges  from  zero  to  several  hundred  per  cent.  The  soils  of  the  At- 
lantic and  Oulf  Coast  States  are  much  more  responsive  than  those 
of  the  Central  and  Northern  States. 
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In  60  per  cent  of  the  soils  here  tested,  each  fertilizer  salt  appears 
to  have  a  special  function,  so  far  as  it  influences  the  growth  of  plants, 
which  is  not  materially  modified  by  the  addition  or  withholding  of 
the  other  salts.  In  29  per  cent  of  the  soils  the  functions  of  the 
several  salts,  as  affecting  the  growth  of  plants,  are  more  or  less  inter- 
changeable, there  being  quite  a  number  of  instances  when  each  salt 
used  alone  gave  as  large  an  increase  in  growth  as  was  secured  by  com- 
bining three  of  them.  In  11  per  cent  of  the  soils  each  salt  not  only 
has  a  distinct  function,  but  it  is  dependent  upon  the  presence  of 
others  for  its  fullest  effect  as  shown  by  a  much  greater  efficiencv 
when  used  in  combination  than  when  used  alone.  There  is  no  ap- 
parent relation  either  by  soil  type  or  by  locality  to  this  grouping  of 
the  soils. 

The  variation  in  the  efficiency  of  a  fertilizer  salt  as  used  alone  and 
in  combination  with  various  other  salts  bears  no  consistent  relation 
to  the  efficiency  of  the  associated  salts  or  to  the  efficiency  of  the 
combination  as  a  whole. 

In  the  pots,  as  an  average  of  all  tests,  the  aggregate  efficiency  of 
the  several  salts  when  used  separately  is  sUghtly  greater  than  when 
the  same  salts  are  used  in  combination.  Under  field  conditions,  as 
an  average  of  many  tests,  the  aggregate  of  individuals  is  the  same 
as  when  used  in  combination.  ■  Individual  soils  show  wide  variation 
in  respect  to  this  point. 

The  character  of  fertiUzer  indicated  for  a  specific  soil  type  as  it 
occurs  in  widely  separated  localities  usually  varies  more  than  that 
for.  very  different  types  when  in  the  same  locality  and  subjected  to 
similar  environment. 

The  character  of  f ^lilizer  indicated  for  various  soil  series  is  essen^ 
tially  the  same,  although  the  response  to  such  .a  fertilizer  varies 
greatly. 

In  general,  the  finer  the  texture  of  soils  the  less  responsive  are 
they  to  fertilizers,  although  the  character  of  fertilizer  indicated 
remains  the  same. 

With  few  exceptions  the  character  of  fertilizer  required  for  soils 
depends  more  upon  local  conditions  and  practices  than  it  does  upon 
the  type  of  soil  or  the  geological  formation  to  wliich  it  belongs. 
The  Muck  soils  are  an  exception  and  show  a  universal  response  to 
potash  salts. 

The  condition  of  the  soil  is  of  greater  importance  than  its  chemical 
composition. 

Without  materially  changing  the  composition  of  the  soil,  poor 
soils  by  proper  manipulation  and  suitable  applications  can  be  made 
to  produce  as  large  crops  in  the  pots  as  can  be  grown  on  the  best 
soils  by  the  same  or  other  treatments. 
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Fertilizers  when  effective  aid  plants  to  economize  in  the  use  of 
water. 

In  conclusion  it  may  be  said  that  the  crop-yielding  capacity  of 
soils  is  increased  by  improving  their  physical  condition  and  by  sup- 
plying manures  or  fertilizers.  Frequently  both  are  necessary,  and 
the  latter  may  assist  the  former.  By  the  employment  of  both  meth-* 
ods  poor  soils  may  become  as  productive  as  the  best  ones.  There  is 
but  little  to  indicate  any  relation  between  the  formation  and  char 
acter  of  the  soil  and  character  of  fertilizer  to  which  it  will  respond. 
Usually  soils  of  a  limited  locality,  where  climatic  condition  and  farm 
practices  are  uniform,  show  but  little  difference  in  the  character  of 
fertilizer  required,  although  the  degree  of  response  may  vary  greatly 
for  different  fields,  making  their  use  profitable  in  some  instances  and 
unprofitable  in  others.  Except  in  the  most  general  way,  the  ferti- 
lizer requirement  of  soils  becomes  a  probleJn  for  each  farm  or  for 
each  class  of  farms  under  like  conditions  of  soil,  climate,  and  system 
of  cropping  and  fertilization.  The  indications  are  that  fertilizers 
containing  relatively  more  potash  and  nitrogen  than  do  those  now 
in  general  use  would  prove  more  effective.  This  conclusion  (to 
which  exception  might  be  taken  by  some  because  of  the  fact  that 
phosphates  are  known  to  be  economically  used  on  some  soils  that 
fail  to  respond  to  that  salt  in  the  pots)  is  not  based  alone  on  the 
result  of  this  investigation,  but  upon  the  tendency  of  the  more  pro- 
gressive planters  to  use  a  higher  grade  fertilizer,  i.  e.,  one  containing 
relatively  more  nitrogen  and  potash  than  that  used  in  the  past. 
Lime  has  proved  quite  generally  beneficial,  being  on  an  average  more 
effective  than  both  potash  and  phgsphate. 
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THE  ACTION  OF  WATER  AND  AQUEOUS  SOLUTIONS 

UPON  SOIL  CARBONATES. 


INTBODTTCnON. 

lime  as  a  mineral  constituent  of  soil  amendments  or  fertilizers  has 
always  occupied  a  prominent  place  in  soil  chemistry.  It  is  usually 
applied  to  the  soil  as  a  sulphate  (gypsum  or  land  plaster),  phosphate, 
hydrate  (or  oxide),  or  carbonate.  The  solubihty  of  these  substances 
is  obviously  of  the  utmost  importance  in  determining  their  distribu- 
tion and  effectiyeness  when  applied  to  the  soil.  Nevertheless,  the 
literature  regarding  their  solubilities  has  been  most  confusing  and 
contradictory,  and  in  consequence  agricultural  investigations  have 
suffered  seriously  in  that  observations  have  been  interpreted  in  the 
light  of  uncertain  or  conflicting  premises.  In  many  cases,  indubit- 
ably, the  truth  has  been  missed  on  this  account  and  conclusions 
deduced  which  have  not  only  delayed  or  misguided  scientific  inves- 
tigation, but  have  led  to  serious  disappointment  when  brought  under 
the  test  of  actual  farm  practice.  For  these  reasons  the  investigation 
of  the  fundamental  solubihty  data  and  the  chemical  relations  between 
the  lime  salts  and  aqueous  solutions  has  been  deemed  necessary  in 
the  studies  which  this  Bureau  is  prosecuting  on  soils  and  fertiUzers. 

The  present  state  of  our  knowledge  as  regards  the  solubility  of 
the  sulphate**  and  the  phosphates*  of  calcium  has  been  shown  in 
recent  pubUcations  of  the  Bureau.  The  present  bulletin  contains 
similar  data  for  the  hydrates  and  carbonates  of  lime;  and  since  mag- 
nesia and  its  compounds  are  so  closely  related  to  lime  and  its  corre- 
sponding compotinds,  both  in  chemical  properties  and  mineral  asso- 
ciations, data  for  the  hydrates  and  carbonates  of  magnesia  are  also 
included.  In  searching  the  literature  for  the  material  contained  in 
this  bulletin  an  enormous  ntunber  of  papers  was  found,  especially 
with  regard  to  the  solubihty  of  Ume  carbonates.  Many  of  these, 
however,  it  has  not  been  deemed  wise  to  cite — ^wheh  they  had  only 
a  local  or  fugitive  interest,  when  they  were  of  a  qualitative  nature 
only,  when  they  would  add  but  further  and  imnecessary  confirmation 

a  Bui.  No.  33,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1906). 
5  Bui.  No.  41,  Bureau  of  SoiU,  U.  S.  Dept.  Agr.  (1907). 
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to  points  brought  out  by  other  data  cited,  or  when,  as  occasionally 
happened,  they  were  obviously  trivial  or  of  doubtful  accuracy. 
It  is  believed,  however,  that  the  data  given  will  furnish  an 
approximately  complete  statement  of  our  present  knowledge  of  the 
subject.  It  is  also  believed  that  this  material  will  have  an  interest 
for  geologists  and  certain  technical  manufacturers  second  only  to 
that  for  agriculturists. 

One  of  the  great  agricultural  problems  of  the  United  States  is  the 
alkali,  or  accumulation  of  soluble  salts  frequently  found  in  the  soils 
of  the  arid  areas  of  some  of  the  Western  States,  and  to  a  proper 
understanding  and  satisfactory  handling  of  this  important  practical 
problem,  a  knowledge  of  the  chemistry  of  the  solutions  formed  by  the 
action  of  water  on  the  mineral  components  of  these  soils  is  of  funda-" 
mental  importance.  The  chemistry  of  *^ white  alkali"  has  been 
treated  quite  fully  in  previous  pubUcations  of  this  Bureau  and 
especially  the  important  reactions  between  gypsum  and  solutions  of 
the  more  soluble  salts  found  in  the  soil.  The  present  bulletin  brings 
together  our  knowledge  of  the  reactions  between  the  same  solutions 
and  calcium  carbonate,  the  immediate  source  of  the  much-dreaded 
''black  alkali."  An  intelligent  interpretation  can  now  be  made  of 
the  analyses  of  drainage  waters  and  the  changes  in  the  soil  which 
they  indicate.  A  scientific  foundation  is  now  prepared  for  the  further 
development  of  practical  methods  for  handling  this  important  agri- 
cultiu'al  problem. 

CABBON  DIOXIDE. 

soLUBiLrrr  of  carbon  dioxide  in  wateb. 

The  solubility  in  water  of  carbon  dioxide,  like  all  other  gases,  is 
greater  at  the  lower  temperatures  than  at  the  higher  temperatures. 
With  one  or  possibly  two  known  exceptions,  the  solubiUty  in  aqueous 
solutions  is  decreased  by  increasing  quantities  of  the  material  in 
solution.  Thus,  the  solubility  of  carbon  dioxide  in  water  is  decreased 
either  by  increasing  the  temperature  or  by  the  addition  of  some 
material,  such  as  sodium  chloride  or  other  salts.  The  results  of  the 
work  recorded  in  the  literature  have  been  assembled  and  are  given 
in  the  following  tables.  The  results  are  given  in  the  same  form  as 
they  have  been  recorded  in  the  original  papers.  For  instance,  the 
solubility  of  carbon  dioxide  in  water  at  IQP  C.  has  been  given  by 
Bunsen  as  1.1847.  This  means  that  one  cubic  centimeter  of  water 
at  10°  will  dissolve  the  quantity  of  carbon  dioxide  occupying  1.1847 
cubic  centimeters  at  0°  and  760  mm.  AU  the  gciseous  volumes  are 
reduced  to  (f  and  760  mm,  pressure.  In  this  way  comparisons  may 
be  made  between  the  solubility  of  the  gas  in  solvents  at  diflFerent 
temperatures  and  also  in  different  solutions. 
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Table  I. — Solubility  of  carbon  dioxide  in  water  at  different  temperatures. 


1  Temper- 
ature. 

Bun8en.a 

1 
,   Sctsch-    V.  Wrob- 
enow.fr   '  lewski.c 

Bellati        Bohr 
and  Lus-       and 
sana.tf       Beck.« 

Pr>tz 

and 

Hoist,  r 

Bohr.a 

Oeff- 
cken.k 

0 

1.7967 
1.7207 
1.6481 
1.5787 
1.5126 
1.4497 
1.3901 
1.3339 
1.2809 
1.2311 
1.1847 

1.797 

1.7306 

1.713 
1.646 
1.548 
1.527 
1.473 
1.424 

1 

1 

"■* I 

1 

2 

1     

;       3 

, 

4 

5 

1 

6 

i                    1 

1.377 

7 

1 

1.331 
1.282 
1.237 
1.194 

8 

9 
10 
ia75 

' 



1.1281 

11 

1.1416 
1. 1018 

1.154 
1.117 

12 

••• ' 

12.43 
12.68 
13 

1.086 

1.0414 

1.0653 
1.0121 
1.0020 

1.083 
1.050 
1.019 

'        14 

' 1 

15 

1 1 

1.070 

1&2 

1.0090 

1                  1 

1        16 

.9753 
.9519 

1 

.985 
.956 

17 

1 1 

17.1 

17.6 

18 

18.38 

19 

.9619 
.932 

1 

1 

1     ... 

1 

.9818 

. .  .1- 

1 

.928 

.896 

1                                     1 

.9150 

' 

1 

.902 

19.3 

.885 

1 

20 

.9014 

1       ...     •. 

.878 
.854 

21 

.838 
.825 

21.7 

22 

.829 

22.17 
22.4 
23 
24 

•>*•■••■■• 

.8375 

.8642 

.798 

1 

.804 
.781 
.759 
.738 
.718 
.609 
.682 
.665 
.592 

25 

.8256 

26 
27 
28 
29 
30 
35 

37.29 



0.5629 

40 

.530 
.479 
.436 
.394 

45 
50 
55 

" 

1                  1 

' ( 

60 

.350 

100 

*  *  *      •  • 

.2438 

1 

a  Ann.  Chem.  Pharm.,  9S,  1  (1855);  Phil.  Mag.  (4).  9,  IIG,  181  (1855). 

b  Arch-  gieaammt.  Physiol.,  8,  1  (1874);  M^moires  de  I'acad.  irap^r.  des  si.  de  St.-P^tersb.  (7),  22, 
No.  6  (1875):  84,  No.  3  (1886);  85.  No.  7  (1887);  Ann.  Chim.  Phys.  (6),  25, 226  (1892). 
e  Ann.  Phvs.  Chem..  2.V1,  290  (1883). 

rf  Atti  1st.  Veneto  (6).  7  (1889);  abstr.  in  Belbl.  Ann.  Phys.  Chem..  14, 18  (1890). 
€  Ann.  Phvs.  Cniem.,  280,  318  (1891). 
/Ann.  Phy.s.  Chem..  290,  130  (1805). 
9  Ann.  Phys.  Chem.,  804.  500  (1899). 
h  7>it.  phys.  Chem.,  49,  257  (1904). 

Tabi<b  II. — Solubility  of  carbon  dioxide  in  water  tinder  different  pressures,*^ 


Solubility  at— 

Pressure. 

O^'C. 

12.43*'  C. 

Atmotpheres. 

1 

1.797 

1.086 

5 

8.65 

5.15 

10 

16.03 

9.65 

15 

21.95 

13.63 

20 

26.65 

17.11 

25 

30.55 

20.31 

30 

33.74 

23.25    . 

ov.  Wrobl<nv8ki,  Ann.  Phys.  Chem.,  264,  290  (1883). 
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It  will  be  seen  that  at  the  higher  pressures  the  solubility  of  carbon 
dioxide  in  water  is  not  proportional  to  the  pressure  as  would  be 
expected  from  Henry's  law.  At  the  lower  pressures,  below  5  atmos- 
pheres, the  solubility  is  almost  proportional  to  the  pressure. 

SOLUBILITY   OF   CARBON   DIOXIDE    IN   AQUEOUS    SOLUTIONS. 

Sulphuric  acid. 

Table  II  L — Soluhility  of  carbon  dioxide  in  aqtt^ovs  solutions  of  sulphuric  acid.^ 


niS04  per 
Uter. 

Solubility  at— 

15«C. 

25*0. 

Orams. 

25.1 

25.3 

47.8 

50.9 

52.3 

95.8 

102.3 

185.7 

186.2 

1.016 
1.016 
.9772 
.9776 
.9766 
.9176 
.9143 
.8354 
.8386 

0.7923 
.7906 
.7093 
.76*) 
.7672 
.7302 
.?273 
.6736 
.6747 

«  Oeflcken,  Zeit.  phys.  Chem.,  49.  257  (1904). 

Table  IV. — Sohihility  of  carbon  dioxide  in  various  mixtures  of  sulphuric  acid  and  water 

at  IT"  C.a 


HsSOf  in 
solution. 

Solubility. 

HfS04  In 
solution. 

Solubility. 

Percent. 

100.0 

96.8 

92.0 

0.932 
.852 
.719 

1    Per  cent. 
84.5 
73.1 
8.58 

0.660 
.705 
.867 

a  Setacbenow,  Mangos  pbys.  et  cbim.  du  bul.  de  I'acad.  imp^r.  des  &Ri.  de  St.-P^tersb.,  9, 617  (1876), 
Ann  Chim.  Phys.  (6>.  26.  226  ri8tf2). 

Tables  III  and  IV  show  that  in  the  comparatively  weak  solutions 
of  sulphuric  acid  the  solubiUty  of  carbon  dioxide  is  decreased  by 
increasing  that  concentration.  On  the  other  hand,  starting  from 
sulphuric  acid  (100  per  cent  H2S04)  the  solubility  of  carbon  dioxide 
is  decreased  by  the  addition  of  water,  in  which  the  solubility  of  the 
gas  is  less  than  in  either  sulphuric  acid  or  pure  water. 

Nitric  acid. 

Table  V. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  nitric  add  A 


UNO,  ppr 
litor. 

Solubility  at— 

15*»C. 

25»C. 

OroTM. 

29.7 

29.9 

35.1 

44.4 

87.1 

87.4 

117.2 

168.7 

160.0 

1.073 
1.075 
1.069 
1.080 
1.093 
1.093 
1.105 
1.109 
1.111 

0.8382 
.8366 
.8387 
.8447 
.8620 
.8622 
.8752 
.8839 
.8865 

aGeffcken,  Zeit.  phys.  Chem.,  49, 257  (1904). 
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Nitric  acid  solutions  form  the  striking  exception  to  the  generality 
that  the  solubility  of  carbon  dioxide  is  decreased  by  the  addition  of 
some  other  solute.  It  will  be  seen  from  Table  V  that  the  solubility 
of  carbon  dioxide  is  increased  by  adding  nitric  acid  to  the  solution. 

Hydrochloric  acid. 

Table  VI. — Solubility  of  carbon  diooride  in  aqueous  solutions  of  hydrochloric  add,  * 


TlCiper 


Solubility  at- 


liter. 

15<»  C. 

25"  C.        , 

Oram*. 

1 

)8.2    • 

1.041 

0.8047 

18.7 

1.042 

.8074 

44.2 

1.020 

.7973 

45.6    ' 

.      1.023 

.7984 

75.9    ■ 

0.9864    . 

.7951 

79.6 

1.009 

.7961. 

1 

a  Qeffcken.  ZAit.  phys.  Chem..  49.  257  (UR)4). 

Citric  add. 

Table  VII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  citric  acid  at  IS.f^o 


Citric  acid 
per  liter. 

RAluhilitv  •  Citric  ftcid 

1 

SolubiUty. 

Granu. 
12 
49 
99 

1 

1 

1.007 
.975 
.960 

Qramt. 
108 

298 
595 

0.898 

.841 
.719 

«  SetKbenow,  Ann.  Chlm.  Phys.  (6),  26, 226  (1892V 

Sodium  chloride. 

Table  VIII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  chloride  at 

different  temperatures. 


Temper- 
ature. 

1 

6.52  a 
percent 
solution. 

7.062  ft 
percent 
solution. 

12.995  ft 

percent 

solution. 

17.42  ft 
percent 
solution. 

17.62  o 
percent 
solution. 

26.00  b 
percent 
solution. 

5c 
percent 
solution. 

1 

0 

1.234 
1.024 

0.678 
.577 

1 

0 

^ 

6.4 
10 

0.8990 

0.6326 

0..5181 

0.3470 

.875 
.755 
.664 

.503 
.442 
.383 

15 

ao 

.7347 

.5560 

.4306 

.2969 

0.8122 

1          22 

.4822 

.3892 

.2630 

>          25 

.583 
.517 
.460 
.414 
.370 
.335 
.305 

.352 
.319 
.288 
.263 
.235 
.215 
.198 
.183 

■          30 

1 

35 

40 

45 
50 
55 

* 

«Bohr,  Ann.  Phys.  Chem.,  804,  500  (1809). 

ft  VackenxiP,  Ann.  Phys.  Chem.,  2S7,  438  (1877). 

«8et8chenow,  Arch,  gesanunt.  Physiol.,  8,  1  (1874). 
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Table  IX- -Solubiliiy  of  carbon  dioxide  in  aqueovs  solutions  of  sodiuvi  chloride.*^ 


t 

Soluliility  at- 

- 

Nan  per  i 

Htor. 
Oram*. 

i:).2<»  r. 

18.3««  C\ 

21 .7*  C- 

32 

0.866 

0.795 

0.726 

64 

.760 

.702 

.630 

96 

.661. 

.610 

.560 

128 

.580 

.533 

.497 

160 

.515 

.483 

.437 

192 

.466 

.427 

.394 

oSetBchenow,  M^moires  de  raca<l.  imp^r.  dca  acl.  do  St.-P^tersb.  (7),  22,  No.  6(1875);  Ann.  Chlm. 
Phys.  OD.ari,  22<i(1892). 

Table  X.-  -Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  chloride  at  15.2^C.^ 


NaCl  per 
Uter. 

Solubility. 

NaCl  per 
liter. 

1 
Solubility,  i 

1 

Orams. 
12.9 
18.6 
19.7 
25.9 
38.8 
52.6 
63.1 

• 

0.978 
.950 
.944 
.919 
.865 
.802 
.778 
1 

QraiM. 
78.9 
105.2 
125.6 
157.8 
210.4 
315.6 

0.728 
.640 
.606 

.-•iao 

.«22 
.290 

a  Setsctaenow,  M^moiros  de  I'acad.  imp^r.  des  act.  de  St.-P6tersb.  (7),  84,  No.  3  (1886);  Ann.  Chlm. 
Phys.  (6),  26,  226  (1892). 

In  Table  XI  there  have  been  collected  several  isolated  detem.i- 
nations  by  Setschenow,  which  are  given  for  the  sake  of  completeness. 

Table  XI. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  chloride  fi 


Composition  of  solution. 


126.6  grams  NaCl  per  liter  (A) 

100  c.  c.  solution  A  +  95.6  grams  water. . 
100  c.  c.  solution  A  +  296.8  grams  water. 

11.7  i)er  cent  solution 

19.7  per  cent  solution 


Solubility  at— 


\h.V  C.     18.38«  C. 


0.606 
.776 
.885 


0.550 
.705 
.807 


.1. 


21. 7«  C. 


0.489 
.341 


o  Setschenow,  Mtoioirps  de  I'acad. imp^r.  des  set.  de  St.-lVtersb.  (7).  22,  No.  6  (1875) ;  S4.  No.  3  (1886). 

Potassiuxxi  chloride. 

Table  XII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  potassium  chloride 

at  different  temperatures. o^ 


Density  of 
solution. 


1.0211 
1.0527 
1.0796 
1.1488 


KCl  in  so- 
lution. 


Per  cent. 

6.06 

8.65 

11.97 

22.51 


Solubility  at — 


S^C, 


0.9880 
.9178 
.8039 
.6877 


15«C. 


0.7772 
.7768 
.7202 
.5707 


22«C. 


0.6701 
.6488 
.5970 
.4801 


oMackenrJe,  Ann.  Phys.  Chem.,  2S7,  438  (1877). 
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Table  XIII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  potassium  chloride. 


Setachenow.a 

Geflckeii.& 

KClper 
liter. 

Solubility  ; 
at  15.2«  C. 

KClper 
liter. 

Solubility  at— 

15'C. 

25"  C. 

QraiM. 

94 

141 

282 

0.819 
.745 
.579 

QramB. 
31.55 
32.23 
77.96 
78.93 

0.9892 
.9865 
.8875 
.8910 

0.7095 
.7667 
.6920 
.69C1 

a  Ann.  Chim.  Phys.  (6),  25„  226  (1802). 
frZeit.  phys.  Chem.,  40, 257  (1904). 

One  other  determination  has  been  made  by  Setschenow,*  viz, 
that  at  22.4®  C.  the  solubility  of  carbon  dioxide  in  14.9  per  cent  potas- 
sium chloride  solution  is  0.589. 

ATWYnffc-niiiTTt  chloiide. 

Tablb  XIV. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  amrrumium  chloride 

at  different  temperatures. o^ 


Density  of 
solution. 

NH<aiii 

Solubility  at—                   [ 

solution. 

10°  C.      1      15«  C. 

1 

22<»C. 

1.0211 
1.0470 
1.0527 
1.0721 

Per  cent. 

6.47 

8.72 

12.73 

22.23 

• 

1.0227 

1.0000 

.9220 

.8132 

0.8253 
.7906 
.7981 
.7384 

0.7182 
.7022 
.6840 
.5998 

a  Mackenzie,  Ann.  Phys.  Chem.,  287,  438  (1877). 

Tablb  XV. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  ammonium  chloride 

at  15.^  C.  a 


NH^Cl  per 
Uter. 

Solubility. 

NH^Cl  per 
liter. 

Solubility. 

Oranu. 
1.0 
10.0 
43.0 
51.6 
64.5 

1.005 
.985 
.956 
.941 
.931 

Orams. 

86 

129 

172 

258 

0.897 
.858 
.819 
.770 

a  Sctachenow,  Mdmoires  de  Tacad.  imp^r.  des  sci.  de  St.-P^tcrsb.  (7),  22,  No.  6  (1875) ;  85,  No.  7  (1887) ; 
Ann.  CWm.  Phys.  (6),  25,  228  (1892). 

In  the  first  of  the  above  papers  Setschenow  has  recorded  that  at 
21.7®  C  the  solubility  of  carbon  dioxide  in  17.8  per  cent  of  ammo- 
nium chloride  solution  is  0.669. 


oSetochenow,  M^moires  de  I'acad.  imp^r.  des  sci.  de  St.-P^tersb.  (7),  22,  No.  6 
(1875). 
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ACTION    OF  AQUEOUS  SOLUTIONS  ON   CARBONATES. 


CsesLunx  and  rubidiuxxx  chlorides. 

Table  XVI. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  the  chlorides  of  cxsium 

andrubidium.f^ 


Solution. 


03.1  grams  CsCl  per  liter. . . 
58.1  grams  RbCI  per  liter,. 
122.2  grams  RbCl  periiter. 


Solubility  at- 

15*>C. 

25<»C. 

1.000 
.991 
.921 

0,777 
.770 
.717 

»  Oeflcken,  Zeit.  phys.  Cham.,  49,  257  (1904). 


lathiuxn  chloride. 


Table  XVII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  lithium  chloride 


LiCl  per 
liter. 

Solubility. 

Qrams. 
16.72 
25.06 
50.15 

1.085 
.  cWv 
.808 

LiCl  por 
liter. 

SolubUlty. 

Orams. 

125.4 
2S0.8 
501.5 

0.596 
.497 
.120 

aSetschenow,  Ami.  Chim.  Phys.  (6),  25,  226  (1892). 


Sodium  bromide. 


Table  XVIII. — Solubtlity  of  carbon  dioxide  in  aqiieoiis  solutionis  of  sodium  bromide  at 

15.^  Ca 


NaBr  per 
liter. 


U&l 
460.3 
690.4 


SolubUity. 


a  775 
.364 
.221 


a  Setschenow.  Ami.  Chim.  Phys.  (6) .  26,  226  (1892). 
Potasaiiun  bromide. 
Table  XIX. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  potassium  bromide. 


Setachenow.a 


KBrper   i  Solubility 
liter.         at  15.2<>  (5. 


Creflcken.  * 


KBrper 
Uter. 


Orams. 

83.9 

167.7 

251.5 

503.1 


0.908    I 
.819 
.748 
.579 


Orams. 
65.51 
67.30 
125.8 
12a  7 


Solubility  at— 


15<»C. 


0.9783 
.9766 
.9100 
.9065 


25«C. 


a  7621 
.7619 
.7030 
.7068 


o  Ann.  Chim.  Phys.  (6).  25,  226  (1802j. 
feZeit.  phys.  Chem..  49,  257  (1904). 
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Potaminnri  iodide. 
Tubus  XX. — 8olubiUty  of  carbon  dioxide  in  aqueous  solvUions  of  potauium  iodide. 


1 

Setflchenow.  o 

Qeffcken.  b 

KIper 

SolubiUtj 
atl&2<»C. 

1 

i 
0.773    I 
.688 
.506 

KIper 
liter. 

1 

Solubility  at— 

liter. 

16«  C.      1      25°  C. 

QravM. 
319l1 

«7a6 

957.3 

Orams. 

1         93.85 

95.18 

173.34 

1        185.87 

1 
1 

a9809 
.9685 
.9144 
.9090 

0. 7678 
.7676 
.7236 
.7166 

•  Ann.  Cblxn.  Phys.  ((n.  26.  226  (1802). 
b  Zeit.  phys.  Cbem.,  49.  257  (1904). 


Sodium  nitrate. 


TablbXXI. — Solubility  of  carbon  dioxide  in  aqueoue  solutions  of  sodium  nitrate  at 


NaNOsper 
Uter. 


QfUTM. 

89.3 
104.2 
12&0 
156.3 


Solubility. 


0.835 
.795 
.762 
.709 


NaN^'Pe^'solubiUty. 


QratM.    I 
208.4    ! 
312.6 
416.8 
625.2 


a  621 
.495 
.385 
.244 


aSetacbenow.  H^moires  de  I'acad.  imp^r.  des  scl.  de  St.-P^tersb.  (7).  84,  No.  3  (1886);  Ann.  Chim. 
Phya.  (6).  «6,  226(1802), 

Table  XXII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  nitrate  at 

various  temperatures. « 


Solution. 


17J02  per  cent  solution 

28^  per  cent  solution 

125.4  grams  per  liter  (A) 

100  c.  c.  (A)  +  05.54  c.  c.  water. 
100  c.  c.  (A)  +  286.6  c.  c.  water. 


Solubility  at— 

21.7<>  C. 


15.2*  C.  I  18.2S^  C. 


0.822 


0.551 
.400 


0.747 
.876 
.946 


.693  |. 

.798 

.870 


a  Setschenow,  M^moires  de  i'acad.  impt^r.  des  scl.  de  St.-P^tersb.  (7),  22,  No.  6  (1875) ;  84,  No.  3  (1886). 

Potaasiuzn  nitrate. 

Table  XXIII. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  potassium  nitrate. 


Setsclienow.  a 

QeftckBn.^ 

• 

KNO, 
per  liter. 

Orams. 

58.8 

117.5 

16&0 

235.1 

1 

SolubUity  ' 
at  15.2«>  (5. 

KNO, 
per  liter. 

Orams. 
54.24 
104.0 
t. ........... 

Solubility  at— 

15°  C.            25°  C. 

1 

0.959 
.8002 
.825 
.781 

1.001 
.943 

0.7826 
.745 

|. ........... 

1 

1 

a  M^moires  de  Pacad.  imp^r.  des  ad.  de  St.-P^tersb.  (7),  22,  No.  6  (1875) ;  85,  No.  7  (1887). 
t>  Zeit.  phys.  Cbem.,  49, 257  (1904). 
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ACTION   OF   AQUEOUS   SOLUTIONS   ON   CARBONATES. 


In  the  first  of  the  above  papers  Setschenow  gives  the  solubility  of 
carbon  dioxide  in  20.24  per  cent  solution  of  potassium  nitrate  as 
0.641  at  22.4^  C. 

Axmnozdum  nitrate. 

Table  XXIV. — Solubility  of  carbon  dioxide  m  aqueous  solution^  of  ammoniuvi  nitrate 

at  15.^  C.  a 


NH4N0a 
per  liter. 

Solubility. 

NH4N0. 
per  liter. 

SolabUity. 

QrafM. 

Qrama. 

2.8 

1.013 

101.0 

0.962 

5.6 

1.010 

202.1 

.911 

11.2 

1.006 

386.0 

.819 

22.5 

.983 

404.3 

.807 

55.0 

.989 

810. 4 

.612 

o  Betflchenow,  M^moiros  de  Tacad.  iinp^r.  des  sci.  de  St.-Pt'tersb.  (7),  22,  No.  6  (1875);  Ann.  Chim. 
Phys.  (6),  25,  226(1892). 

Ammonium  sulphate. 

The  following  figures  give  two  determinations  of  Setschenow*  on 
the  solubiUty  of  carbon  dioxide  in  ammonium  sulphate  solutions: 

Grams  (NH4)2S04  per  liter 72.2        144. 4 

Solubility  at  15.2**  C 0. 712        0. 575 

Sodiuxu  sulphate. 

Table  XXV. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  sulphate  at 

15,'^  C.o 


NasSO 


NasSOi 


per  liter.   ;  t>olUD"ity.  ■    per  liter. 


Orams. 
14.22 
28.44 
66.88 
71.10 


0.950 
.876  ! 
.753  , 
.700 


Chrama. 

94.8 

142.2 

284.4 


Solubility. 


0.620 
.485 
.2335 


a  Setschenow,  Ann.  Chim.  Phys.  (6),  25,  226  (1892). 

Table  XXVI. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  sodium  sulphate  at 

various  temperatures. o- 


Solution. 


7.11  per  cent  solution 

14.22  per  cent  solution 

128.74  grams  per  liter  (A) 

100  c.  c.  (A)  4-98. 04  c.  c  water  . 
100  c.  c.  (A)  +294.12  c.  c.  water 


Solubility  at— 


15.2*»  C.     18.38°  C.     21.7°  C. 


0.472 
.771 
.850 


0.670 


.470 
.660 
.771 


0.391 


o  Setschenow,  M<<moirp.8  de  I'acad.  imp<«r.  des  sci.  de  St.-P<«tersb.  (7),  22,  No.  6  (1875);  84,  No.  3  (1888). 
•  M&noires  do  I'acad.  imp4r.  des  sci.  de  St.-P6tersb,  (7),  22, No.  6  (1875). 
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Potumriimri  sulphocyanate. 

Table   XXVII. — Solubility  of  carbon  dioxide   in  aqueous   solutions  c^  potassium 

sulpkoeyanate  at  15. i^  C.^ 


^^Ster*"^   Solubility. 


Orams. 
326 
489 
978 


0.691  I 
.590  I 
.387 


aSetschenow,  Ann.  Chlm.  Phys.  (6),  i6,  229  (1802). 


Sodium  chlorate. 


Table  XXVIII. — Solubility  of  carbon  dioxide  in' aqueous  solutions  of  sodium  chlorate  at 

15.f  C.a 


NaClOa 
per  liter. 


Solubility. 


Orams. 
233.3  I 
349.9  I 
699.8    > 


0.626 
.506 
.257 


aSetflchenow,  Ann.  Chim.  Phys.  (6),  26, 229  (1892). 


CaXciiizn  chlozide. 


Table  XXIX. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  calcium  chUrride  at 

various  temperatures. o^ 


Density. 


1.0368 
1.0489 
1.0683 
1.1387 


CaCltin 
solution. 


Sohibillty  at- 


8°C. 


16J»  C. 


22*' C. 


Per  cent. 

4.3650 

0.9423 

6.7390 

.8648 

8.0453 

.8383 

15.7925 

.6315 

0.7587 
.7280 
.6740 
.5202 


0.6726 
.6150 
.5809 
.4709 


30°  C. 


0.5957 
.5266 
.4998 
.3945 


a  Mackenzie.  Ann.  Phys.  Chem.,  2S7,  438  (1877). 

Strontium  chloride. 

Table  XXX. — Solvhility  of  carbon  dioxide  in  aqueous  solutions  of  strontium  chloride 

at  various  temperatures.^ 


Density. 


1.0673 
1.1159 
1.1727 
1.3428 


SrCItln 
solution. 


Per  cent. 

9.5108 

12.3248 

17. 7132 

31. 1937 


S^C. 


0.7789 
.7367 
.6057 
.2854 


Solubility  at— 

16i°  C. 

22°  C. 

30°  C. 
0.5079 

0.6633 

0.5806 

.5859 

.5071 

.4386 

.4727 

.4435 

.3672 

.2449 

.2474 

.2231 

«  Mackenzie,  Ann.  Phys.  Chem.,  287,  438  (1877). 
8176— No.  49—07 2 
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ACTION    OF   AQUEOUS   SOLUTIONS   ON    CARBONATES. 


Another  determination  by  Setchenow*  is  that  at  15.2°  C.  the  solu- 
bility of  carbon  dioxide  in  3.97  per  cent  strontium  chloride  solution 
is  0.893. 


Barium  chloride. 

Table  XXXI. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  barium  chloride  at 

variota  temperatures. o^ 


Density. 

BaCIa  in 
solution. 

Per  cent. 

7.3162 

9.7531 

14.0297 

SolabUity  at— 

S^'C. 

16J°  C. 

22°  C. 

30*»C. 

1.0684 
1.0916 
1.1372 

0.9694 
1.0207 

0.7441 
.6445 
.6179 
.6179 

0.6603 
.6072 
.5235. 

0.5655 
.5426 
.4672 

1.2731 

25.2146 

.4949 

.3833 

.3152 

a  Mackenzie,  Ann.  Phys.  Chem.,  2S7,  438  (1877). 

Two  determinations  have  been  made  bv  Setchenow  *  as  follows: 
At  15.2°  C.  solubility  in  5.2  per  cent  BaCl,  solution  is  0.894. 
At  22*^  C.  solubiUty  in  6.94  per  cent  BaCl,  solution  is  0.670. 

Magnesium  sulphate. 

Table   XXXII. — Solubility  of  carbon  dioxide  in  aqueous  solutions   of  magnesium 

sulphate  at  15°  to  16°  C, 


MgSOi  per 
liter. 

SolubUity. 

Qranu. 

26.5 

0.901 

40.0 

.822 

79.5 

.669 

159.0 

.441 

318.0 

.188 

• 

a8et8chenow,Mtoioires  de  I'acad.  Imp^r.  des  sci.  de  St.-P^tersb.  (7),  S6,  No.  7  (1887);  Ann.Chim. 
Phys.  (6),  26,226  (1892).  ^ 

In  Table  XXXII  the  concentrations  have  been  calculated  from 
tables  of  the  solubiUty  of  magnesium  sulphate  in  water,  as  the 
original  paper  gave  only  the  density  of  the  concentrated  solution, 
which  was  also  saturated. 

Table  XXXIIl.— Solubility  of  carbon  dioxide  in  aqueous  solutions  of  magnesiiim 

sulphate  at  various  temperatures.'^ 


Composition  of  solution. 


i^^SS^^-laoiubnity 


8.432  grams  MgSO^+SOO grams  water. 
33.73  grams  MgSO<+5a0  grams  water. 
60.2  grams  MgSO<-»-500  grams  water. 
15.05  per  cent  solution 


oc. 

26.00 

0.712 

25.00 

.586 

ia38 

..'i23 

22.40 

.310 

Ph^*(^)**®26^M5a892)"^*  '^^'  '  *^*^"  '™^^^'  ^""^  ^^'  ^®  ^*"^^*®"^-  (7>'  **•  No.  6  (1875);  Ann.  Chim. 
♦Mfimoires  de  i'acad.  imp6r.  des  aci.  de  St.-Pfitersb.  (7),  88,  No.  6  (1875). 
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Zinc  sulphate. 

Table  XXXIV. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  zinc  sulphate  at 

Iff*  to  1€9  C.« 


ZdSOi  per 
liter. 


Oram*. 

38.3 

76.7 

230.0 

460.0 


SolubUity. 


0.903 
.783 
.474 
.200 


a  Setac^enow,  MianfAiea  de  Tacad.  imp^r.  des  acL  de  St.-P^tersb.  (7) ,  86,  No.  7  ( 1887) ;  Aim.  Chim.  Phys. 
(6),  26,  226  (1802). 

In  Table  XXXIV  the  concentrations  have  been  calculated  from 
tables  of  the  solubility  of  zinc  sulphate  in  water^  as  the  original 
papers  gave  only  the  density  of  the  most  concentrated  solution,  which 
was  also  saturated. 

Table  XXXV. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  zinc  sulpfiate  at 

rariaus  temperatures. O' 


Compoflltion  of  solution. 


Tempera- 
ture. 


9.84  grama  ZnSO^+SOO  grams  water  . 
30.34  grams  ZnSOf+fiOO  grams  water. 
80.7  grama  ZnS04 4-500  grams  water. . 


26.00 
25.00 
18.38 


SolublUty. 


0.716 
.593 
.522 


a  Setachenow,  M^molrea  de  I'acad.  imp^r.  dea  sci.  de  St.-P^terab.  (7),  82,  No.  6  (1875);  Ami.  Cbim. 
Phys.  (6),  «6,  226  (1888). 

Other  salts. 

Table  XXXVI. — Solubility  of  carbon  dioxide  in  aqueous  solutions  of  different  salts  o 


Ck>mpoaltion  of  solution. 


6.27  per  cent  Ba(NOs)s  solution. 
8-35  per  cent  Ba(NOs)s  solution. 
4.10  per  cent  Ca(NOa)t  solution. 
5.29  per  cent  Sr  (NOs)s  solution. 

12.8  per  cent  CaSO^  solution 

34  per  cent  AeNOs  solution 

11.9  per  cent  MgCls  solution 


Tempera^ 
ture. 

Solubility. 

OC. 

15.2 

0.922 

22.0 

.715 

15.2 

.923 

15.2 

.OM 

18.38 

.672 

18.38 

.648 

22.4 

.451 

aSetschenow,  Mtoioiiea  de  Tacad.  imper.  dea  sci.  de  St.-Pdtersb.  {7),  22,  No.  6  (1875). 

aENERAL    CONCLUSIONS. 

The  following  general  conclusions  may  be  drawn  from  the  work 
upon  the  solubility  of  carbon  dioxide  in  various  solutions : 

1 .  The  solubility  in  salt  solutions  is  less  than  in  an  equal  volume  of 
water. 

2.  The  solubility  of  carbon  dioxide  in  water  is  increased  by  addition 
of  nitric  acid. 

3.  The  solubility  of  carbon  dioxide  in  sulphuric  acid  is  decreased 
by  the  addition  of  water;  likewise  the  solubility  of  carbon  dioxide 
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in  water  is  decreased  by  the  addition  of  sulphuric  acid ;  consequently 
there  is  a  mixture  of  sulphuric  acid  and  water,  which  dissolves  a  mini^ 
mum  quantity  of  carbon  dioxide. 

4.  The  more  concentrated  the  solutions  are,  the  less  carbon  dioxide 
is  absorbed. 

5.  The  solubility  in  solutions  of  strontium  chloride  is  between  that 
in  calcium  and  barium  chlorides. 

6.  The  quantity  of  carbon  dioxide  absorbed  becomes  less  as  the 
temperature  increases. 

7.  The  solubility  is  less  in  sulphate  solutions  than  in  chloride  solu- 
tions, and  less  in  chloride  solutions  than  in  nitrate  solutions. 

8.  Solutions  of  sodium  salts  absorb  carbon  dioxide  less  readily 
than  solutions  of  similar  potassium  salts,  and  solutions  of  ammonium 
salts  are  better  solvents  than  solutions  of  either  sodium  or  potassium 
salts. 


SOLUBILITY   OF   LIME    IN    WATER. 

Many  experimenters  have  investigated  the  solubility  of  lime  in 
water  at  different  temperatures,  and  on  account  of  the  many  pre- 
cautions which  must  be  taken  in  such  determinations  the  results  have 
not  shown  a  satisfactory  agreement.  It  is  essential  that  the  water 
in  which  the  lime  is  to  be  dissolved  should  be  absolutely  free  from 
impurities,  especially  materials  of  organic  origin,  which  will  bf  shown 
to  possess  a  very  great  solvent  action  on  lime.  It  is  also  essential 
in  any  accurate  determinations  that  the  source  and  impurities  of  the 
lime  should  be  known.  That  there  is  a  difference  in  the  solubility 
of  lime,  depending  on  the  source  and  consequently  upon  the  impuri- 
ties present,  is  seen  from  the  determinations  of  Lamy**  upon  lime 
obtained  from  different  sources.  These  results  are  given  in  the  fol- 
lowing table : 

Table  XXXVII. — Solubility  of  lime  obtained  f ram  different  sources. 


Lime  in  1,000  parts  of 

solution. 

Temper- 

ature. 

From 
nitrate. 

m«X. '  ^y'^^- 

,  Parts. 

Parts.       Parts. 

0 

1.362 

1. 381          I.  430 

10 

1.311 

1. 342          1. 384 

15 

1.277 

1. 299          1. 344 

30 

1.142 

1. 162          1. 105 

45 

.  vOo 

1.005          1.033 

60 

.864 

.868            .885 

100 

.662 

.  576            .  584 

1 

oCompt.  rend.,  86,  333  (1878). 


SOLUBILITY   OF   LIME   IN    WATER. 


21 


The  solubility  of  lime  in  water  at  different  temperatures  has  been 
investigated  by  many  experimenters  ^  and  the  results  of  these  inves- 
tigations have  been  collected  in  the  following  table  and  the  accom- 
panying plate : 

Tablb  XXXVJlI.—Solubility  of. lime  (CaO)  in  water. 

[Given  In  grams  per  liter.] 


Temp. 

Dalton. 

Phillips.     Carles. 

Pavesi 

and 

Rotondl. 

Wltt- 
stein. 

Tich- 
bome. 

Maben. 

1.318 
1.309 
1.2UK 

0 
5 

1 
..........'..........1 

10 

1 

13 

, 

1.274 

15 

1 

1,284 

15l6 

19 

20 

23 

26 

30 

36 

40 

1.29 

1.20 

1 

l.«37 

1.35 

( 

1.251          1.241 

1 



1.264 

1.228 

.. 

1 

1.203 
1,160 
1,100 
1.073 
1.015 
.962 

1 

■'"''' 

1 



1 

45 

1 

1 

60 

i 



544 

1.03 

.        M 

.906 
.880 
.828 
.810 
.763 
.734 
:720 
.633 

<        00 



66 

1         70 

' 

75 

80 

85 

90 

1 

'        06 

\ ... i. .... .  J 

.606    . 

99 

1 

100 

.789 

.752 

.747 
.560 

606 

100 

120 

1 

150 

• 

\ 

190 

1 

^ 

1 

•  Dalton.  New  System  of  Chemical  Philosophy,  Manchester  (1808),  cited  by  Phiillps.  Ann.  Chim. 
Phya.  <2>.  16,  213  (1821);  Carles,  Pharm.  Jour.  Trans.  (3),  4,550(1874);  Pavesi  and  Rotondl,  Ber. 
deutflcb.chem.Ge8.,  7,817(1874):  Wittstein,  Repert.  Pharm.  (3).  1,  182(1848);  Bout ron  and  Boudet, 
Jour.  PhAi-m.  (3),  86, 16  (1854);  Ticbbome.  Chem.  News.  24,  199  (1871);  Maben,  Pharm.  Jour.  Trans. 
(3).  14,  505  (1»3);  Li«ige,  Jour.  Soc.  Chem.  Ind..  II,  882  (1892);  Cabot,  ibid.,  16,  417  (1807);  Hersfeld^. 
Bled.  Centr.,  27,  571  (^);  Guthrie.  Jour.  Soc.  Chem.  Ind.,  20,  223  (1901);  Herold.  Zeft.  Elektro- 
cliem.,  11,  417  (1905);  TUden  and  Shenstone,  Proc.  Roy.  Soc.,  68,  33  (1885). 
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Table  XXXVIII. — Solubility  of  lime  (CaO)  in  water — Continued. 

[Given  in  grains  per  liter.] 


Temp. 

Lungp. 

Cabot. 
1.36 

Herzfeld. 

Guthrie. 

Herold. 

TUden  and , 
Sh^nstone. 

0 

5 
10 
13 
15 

15u6 
19 
20 
23 
26 
30 
36 
40 
45 
50 
54.4 
55 

1 

1 

1.360 
1.342 

( 

1 



1.31 

1.29   : 

1.320 

1 



1.182 

1.374 

1.23      , 

1.293 

......... 

1.18      ' 
1.13 
1.08 
1.04      ' 

.996 

.958 

1.254 
1.219 
1.161 
1.119 

' 

i 

............. 

t 

1.162 

. 

.961 

1 

1 
1 

.902 
.864 
.801 
.752 
.709 
.675 

60 

1.026 

.879 

65 

I        70 

.781 

75 

80 

.845 

.740 

85 

90 

.096 

■•»>■•••••■• 

95 

99 

.635 

100 
109 
120 
150 
190 

.664 

1 

.507 

1 

1 

a305 
.169 
.084 

.246 

In  spite  of  the  lack  of  satisfactory  accord  between  these  various 
determinations,  the  results  indicate  that  lime  is  about  twice  as  solu- 
ble* at  0®  as  it  is  at  100®  C,  and  that  the  solubility  curve  approxi- 
mates a  straight  line  between  the  temperatures  25°  and  100*^  C.  (See 
figure  1.) 

SOLUBILITY   OF   LIME   IN   AQUEOUS    SOLUTIONS. 

Amxnoxiiuzn  chloride. 

There  are  many  qualitative  statements  in  the  literature  that  lime 
is  much  more  soluble  in  ammonium  chloride  solutions  than  in  water. 
The  quantitative  results  obtained  by  Noyes  and  Chapin*  are  given  in 
the  following  table : 

Table  XXXIX. — Solubility  of  lime  in  ammonium  chloride  solutions  at  2^  0, 


.Vmmonium 
chloride 
per  liter. 

1 

Lime  per 
liter. 

GraiM. 
0.0 
1.164 
2.328 
4.655 

Orams. 
1.134 
1.631 
2.201 
3.348 

a  This  result  is  also  given  by  Goldammer,  Pharm.  Centr.,  26,  442,  455''(1885);  abstr.  in  Jonr.  Soo. 
Chem.  Ind.,  6,  450  (1866). 
b  Zeit.  phys.  Chem.,  28,  618  (1899). 
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From  this  table  it  will  be  seen  that  by  increasing  the  quantity  of 
ammonium  chloride  in  the  solution  the  solubility  of  lime  is  also 
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I00« 
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Fig.  1.— Solubility  of  lime  in  water  at  various  temperatures  according  to  varloas  exi>eriment8. 

increased,  and  at  the  concentrations  employed  the  increase  is  nearly 
proportional  to  the  concentration  of  ammonium  chloride. 
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Sodium  chloride. 

Lime  is  more  soluble  in  sodium  chloride  solutions  than  in  pure 
water.  According  to  Lunge,^  at  50°  C.  a  sodium  chloride  solution  (5 
to  10  per  cent)  dissolves  about  35  per  cent  more  lime  than  does  water 
at  the  same  temperature.  The  solubility  for  different  concentra- 
tions of  sodium  chloride  at  different  temperatures  has  been  given  by 

Cabot '^  as  follows: 

Table  XL. — Solubility  of  lime  in  sodium  chloride  solutUms. 


NaCl  per  liter. 

CaO  per  liter. 

ooc. 

15«C. 

99»C. 

Orams. 
^             0 
30 
GO 

120    . 
240 
Saturated. 

Orams. 
1.36 
1.813 

Orams. 
1.31 
1.703 
1.824  . 
1.722 
1.274 
.929 

Orams. 
0.635 

1.004 

1.015 

.771 

.583 

1.86 
1.36 
1.054 

With  increase  of  sodium  chloride  in  solution  the  solubility  of  lime 
increases  to  a  maximum  and  then  decreases  again  until  the  satura- 
tion point  for  sodium  chloride  is  reached. 

These  results  are  confirmed  by  the  experiments  of  Maigret*'  upon 
the  solubility  of  lime  in  sodium  chloride  solutions.  The  results  also 
show  that  the  presence  of  sodium  hydroxide  causes  a  decrease  in  the 
quantity  of  lime  in  solution.  The  following  table  gives  the  results  of 
this  work: 

Table  XLI. — Solubility  of  lime  in  sodium  chloride  solutions  containing  various  gtwm- 

tities  of  sodium  hydroxide. 


CaO  per  liter. 

NaCl  per 
liter. 

No  NaOH. 

0.8  gram 

NaOH  per 

Utor. 

4.0  grams 

NaOH  per 

liter. 

Orams. 

0 

5 

10 

25 

50 

75 

100 

125 

150 

175 

182 

200 

225 

250 

275 

300 

314 

Orams. 
1.3 
1.4 
1.6 
1.7 
1.8 
1.9 
1.85 
1.7 
1.65 
1.6 
1.6 
1.55 
1.4 
1.3 
1.2 
1.1 
1.0 

Orams. 

0.8 

.9 

1.0 

1.1 

1.25 

1.4 

1.4 

1.3 

1.25 

1.2 

1.2 

1.1 

1.0 

.9 

.7 

.7 

Oram. 
0.22 

.55" 

.44 

.22 

a  Jour.  SocChem.  Ind.,  11,  882  (1892). 
b  Jour.  Soc.  Chem.  Ind.,  16,  417  (1887). 
c  Bul.  Soo.  Chim.  (3),  US,  631  (1905). 
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Potaasiain  chloride. 

According  to  Lunge,**  at  50^  C.  a  potassium  chloride  solution  (5  to 
10  per  cent)  dissolves  about  35  per  cent  more  lime  than  does  water 
at  the  same  temperature.  The  solubility  for  different  concentra- 
tions of  potassium  chloride  at  different  temperatures  has  been  given 
bv  Cabot  *  as  follows: 

Tablb  XLII. — Solubility  of  lime  in  potassium  chloride  solutions. 


KCl  per  liter. 

CaO  per  liter.               1 

0«C. 

15°  C. 

99«C. 

Oramt. 

0 

30 

60 

120 

240 

Saturated. 

Orams. 
1.36 
1.701 
1.725 
1.718 
1.248 
1.21 

Orams. 
1.31 
1.658 
1.674 
1.606 
l.lPO 

Oram. 

0.635 
.788 
.876 

.612 

1 

The  solubility  increases  with  increase  of  potassium  chloride  to  a 
maximum  and  then  decreases  again  as  the  concentration  of  potassium 
chloride  approaches  the  saturation  point. 

Caleiuxn  diloride. 

It  might  be  expected  that  the  solubility  of  lime  in  the  solution  of  a 
salt  yielding  a  common  ion  would  be  depressed.  There  are  indica- 
tions that  this  actually  happens  at  lower  temperatures  and  in  the 
more  dilute  solutions  of  calcium  chloride.  In  the  more  concentrated 
solutions,  however,  this  solubility  is  augmented,  as  will  be  observed 
from  the  following  table  by  Lunge  ^  and  Zahorsky.*' 

Tablb  XLIII. — Lim^  dissolved  at  different  temperatures  by  various  solutions  of  calcium 

chloride. 


CaO  per  100  c.  c.  solutioD. 

CaClj 

..    ._     _ 

20«C. 

40°  C. 

60OC. 

80°  C. 

loooc. 

Per  cent. 

Oram. 

Oram. 

Oram. 

Oram. 

Oram. 

0 

0. 1374 

0. 1162 

0.1026 

0.0845 

0.0604 

5 

.1370 

.1160 

.1020 

.0936 

.0906 

10 

.1661 

.1419    '      .1313 

.1326 

.1389 

15 

.1993 

.1781    !      .1706 

.1736 

.1842 

20 

o  1857 

.2249 

.2204 

.2295 

.2325 

25 

a.  1661 

a  .3020 

.2989 

.3261 

.3710 

30 

a. 1630 

a.  3684 

.3604 

.4122 

.4922 

o  Oxychlorlde  separated  out. 

Lunge  has  pointed  out  from  these  results  that  solutions  up  to  10 
j>er  cent  calcium  chloride  at  ordinary  or  slightly  raised  temperatures 
alter  the  solubility  very  little  from  that  in  pure  water.  At  the 
higher  temperatures  the  presence  of  calcium  chloride  increases  the 

a  Jour.  Soc.  Chem.  Ind.,  11, 882  (1892).       &  Jour.  Soc.  Chem.  Ind.,  16, 417  (1897). 

cZeit.  anoiK.  Chem.,  8,34  (1893). 
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solubility  of  lime  proportionately  with  the  quantity  of  calcium 
chloride,  except  where  the  phenomenon  is  complicated  by  precipi- 
tation of  the  solid  oxychloride.  The  changes  in  solubility  due  to 
changes  of  temperature  are  not  so  great  as  the  changes  consequent 
upon  changes  in  concentration  of  calcium  chloride. 

The  recovery  of  manganese  peroxide  in  the  Weldon  process  is 
brought  about  by  the  action  of  lime  upon  the  manganous  salts.  The 
presence  of  considerable  quantities  of  calcium  chloride  is  essential, 
and  according  to  Limge  the  most  natural  explanation  is  that  it 
serves  as  a  solvent  for  lime,  as  hme  is  much  more  soluble  in  hot 
solutions  of  calcium  chloride  than  in  water.  This  increased  solu- 
bility has  been  attributed  to  the  formation  of  an  oxychloride  in 
solution.  That  this  explanation  is  not  sufficient  follows  from  a  con- 
sideration of  the  relative  solubilities  of  the  oxychloride  and  of  lime. 
Of  two  substances  which  may  separate  out  as  soUd  phase  under  any 
conditions  the  stable  solid  is  that  one  whose  solubility  in  the  liquid 
is  least,  or  which,  after  the  precipitation  has  taken  place,  leaves  the 
solution  least  concentrated.  As  the  oxychloride  separates  out  at 
the  higher  concentrations,  it  follows  that  the  content  of  free  Ume  in 
the  solution  is  less  than  if  the  solid  phase  had  been  calcium  hydroxide. 
The  increased  solubiUty  of  lime  in  calcium  chloride  solutions  of  the 
higher  concentrations  can  not  therefore  be  satisfactorily  explained 
on  the  ground  of  the  formation  of  oxychloride  in  solution. 

The  crystalline  precipitate  obtained  by  heating  lime  in  a  concen- 
trated solution  of  calcium  chloride  was  first  observed  by  Buchholtz" 
and  later  by  Tromsdorf  .^  At  first  it  was  supposed  to  be  a  modifica- 
tion of  lime,  but  BerthoUet  *  subsequently  showed  it  to  be  a  com- 
pound of  lime  with  calcium  chloride.  The  ratio  of  lime  to  calcium 
chloride  has  been  definitely  determined  by  many  experimenters  as 
three  to  one,  but  the  number  of  molecules  of  water  of  crystallization 
has  been  variously  determined.  Rose,^  Ditte,*"  and  Andrfi**  have 
ascribed  to  it  the  formula  SCaO.CaClj.lGHjO;  Beesley*  has  given 
it  the  formula  SCaO.CaClj.MHjO;  while  Rose,^  Precht,^  Grimshaw,* 
and  Zahorsky*  indicate  the  formula  3CaO.CaCl,.15H,0. 

This  compound  is  formed  in  large  quantities  in  the  production  of 
ammonia  by  the  action  of  Ume  on  ammonium  chloride,  and  all  the 
above  work  upon  its  composition  has  been  upon  the  compound 

«  See  BerthoUet,  Essai  de  Statique  Chimique,  1, 350. 

bSchweig,  Jour.,  29, 155  (1820). 

c  Compt.  rend.,  91,  576  (1880). 

dCompt.  rend.,  92,  1452  (1881);  Ann.  Chim.  Phye.  (6),  8,  66  (1884). 

«Phar.  Jour.  Trans.,  9,  568  (1850). 

/Schweig.  Jour.,  29,  155  (1820). 

^See  Zahoreky,  Zeit.  anorg.  Chem.,  8,  34  (1893). 

fcChem.  News,  80,  280  (1874). 

iZeit,  anorg.  Chem.,  8,  34  (1893). 
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obtained  by  dissolving  lime  in  warm  or  hot  concentrated  calcimn 
chloride  solutions  and  allowing  it  to  settle  after  filtration.  Upon 
standing,  large  crystals  of  the  oxychloride  separate.  These  are  decom- 
posed by  water  and  by  alcohol.  Ditte  has  shown  that  when  the 
oxychloride  is  treated  with  water  the  solution  contains  all  the  cal- 
cium chloride  and  part  of  the  Ume,  while  the  residue  of  Ume  remains 
as  a  fine  powder.  This  decomposition  does  not  take  place  at  1 0°  C.  after 
the  solution  has  reached  the  concentration  of  85  grams  calcium  chlo* 
ride  per  Uter.  Alcohol  acts  similarly,  and  at  17®  C.  no  decomposition 
occurs  if  the  alcohol  contains  130  grams  calcium  chloride  per  Uter, 
but  calcium  oxychloride  passes  into  solution  unchanged.  Zahorsky 
has  also  proved  that  sodium,  potassium,  and  ammonium  chlorides  in 
solution  all  decompose  the  oxychloride  of  calcium,  free  lime  being  left 
as  a  fine  powder.  Glycerol,  however,  has  no  decomposing  influence 
upon  the  oxychloride,  but  dissolves  it  readily  in  the  cold,  the  solution 
undergoing  no  decomposition  upon  heating.  When  an  equal  volume 
of  water  is  added  to  the  solution  in  glycerol,  decomposition  takes  place, 
lime  separating. 

Sodium   and  potfUMrinm  hydroxides. 

According  to  Pelouze*  100  parts  of  a  solution  containing  1  part  of 
sodium  or  potassium  hydroxide  dissolves  not  more  than  one  fifty- 
thousandth  of  1  part  of  Ume. 

The  following  results  by  d'Anselme^  prove  that  the  solubility  of 
Ume  in  sodium  hydroxide  solutions  decreases  with  increasing  concen- 
trations of  the  caustic  alkaU  and  also  with  rise  in  temperature: 

Table  XLIV. — Solubility  of  livie  in  solutioTU  of  sodium  hydroxide. 


NftOH 

CaO  per  liter. 

lUer. 

20«C. 

50»C.     .    70*>C. 

100«C. 

Oram». 

Orams. 

1 
Oram.    '    Oram. 

Oram. 

0.0 

1.17 

0.88    ,      0.75 

0.54 

0.4 

.94 

.65            .53 

.35 

1.6 

.57 

.35 

.225 

.14 

2.67 

.39 

.20 

.11 

.06 

5.0 

.18 

.06 

.04 

.01 

•8.0 

.11 

.02 

.01 

Traces. 

20.0 

.02 

Traces. 

.00  . 

.00 

a  Ann.  Chlm.  Phys.  (3),  88,  5  (1851). 
6Bal.  Soc.  Chim.  (3),  29,  936  (1903). 
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Galdum  sulphate. 

The  mutual  solubility  of  gypsum  in  lime  solutions  and  of  calcium 
hydroxide  in  gypsum  solutions  has  recently  been  determined  at  25®  C. 
in  this  laboratory  by  Cameron  and  Bell  **  with  the  following  results: 

Tabls  XLV. — Mutual  solubility  of  gypsum  and  lime  at  ^5°  C. 


CaS04 

CaO 

per  liter. 

per  liter. 

Qrams. 

Oram*. 

0.000 

1.166 

.301 

1.141 

.666 

1.150 

.956 

1.215 

1.214 

1.212 

1.588 

1.222 

1.634 

.939 

1.722 

.611 

1.853 

.349 

1.918 

.176 

2.032 

.062 

2.126 

.000 

Solid  phase. 


Ca(0H)i. 

Ca(OH)i. 

Ca(OH)t. 

Ca(On)«. 

Ca(OH)t. 

Ca(OII)i,  CaS04. 2HtO. 

CaS0«.2H«0. 

CaS04.2IltO. 

CaS04.2H«0. 

CaS04.2HfO. 

CaS04.2HiO. 

CaS04.2H]0. 


It  will  be  seen  from  these  results  that  with  increasing  lime  content 
in  the  solution  the  solubility  of  gypsum  is  steadily  depressed.  With 
increasing  amounts  of  gypsum  in  the  solution  the  solubility  of  lime 
seems  to  be  nearly  the  same  as  in  pure  water.  These  results  have 
been  recently  confirmed  by  further  work  in  this  laboratory  by  Bell 
and  Taber. 


Calcium  nitrate. 


The  following  table  by  Cameron  and  Robinson  ^  gives  the  content 
of  free  lime  in  various  solutions  of  calcium  nitrate  at  25°. 

Table  XLVI. — Solubility  of  lime  in  calcium  nitrate  solutions  at  25^. 


I  Density 


25" 
26° 


Grams. 
1.0240 
1.0484 
1.0940 
1.1383 
1.1840 
1. 2101 
1.2287 
1.2290 
1.2541 
1.2581 
1.2826 
1.2905 
1. 3337 
1.3735 


4195 
4840 
5330 
580Q 


1.5842 


CaO  as  Ca(OU)i. 

Ca(N0,),. 

In  100 

In  100 

In  100  c.  c. 

grams 
H»0. 

In  100  c.  e. 

fframs 
H.O. 

Oram. 

Oram. 

Oramtt. 

Orams. 

0.095 

0.096 

3.35 

3.38 

.105 

.109 

8.  IS 

8.52 

.120 

.125 

12.91 

13.42 

.170 

.181 

19.43 

20.73 

.171 

.187 

26.49 

28.98 

.180 

.198 

29.82 

32.84 

.190 

.212 

32.97 

3&83 

.191 

.213 

33.27 

37.55 

.200 

.224 

35.87 

40.25 

.203 

.230 

37.04 

41.98 

.226 

.260 

40.88 

47.00 

.229 

.263 

41.08 

47.16 

.277 

.332 

48.99 

58.67 

.346 

.429 

50.88 

69.40 

.440 

.545 

03.03 

83.03 

.331 

•  4tH 

73.58 

99.70 

.263 

.371 

81.91 

115.50 

.203 

.303 

90.38 

135.30 

.000 

.000 

91.84 

139.30 

«Jour.  Am.  Chem.  Soc,  28,  1220  (1906);  Bill.  No.  33.  Bureau  of  Soils,  V.  S.  Dept.  Agr.  (1906). 
6  Jour.  Phys.  Chem..  11,  273  (1907). 
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These  results  are  plotted  in  the  accompanying  diagram  (fig.  2), 
in  which  four  distinct  curves  are  seen.  In  order  to  determine  the 
composition  of  the  solid  phases  along  each  of  these  curves  the  tri- 
angular diagram  method  of  Schreinemakers  and  Bancroft  was 
employed,  and  the  following  table  gives  the  composition  of  the  solu- 
tions and  of  the  corresponding  solid  phases  with  adhering  mother 
liquor. 


500  1000 

Qrome    GaC¥C^J^    joer    iOOO  yrome    H2O 

Fia.  2.— Solubility  of  lime  in  solutions  of  calcium  nitrate  at  25<'C. 
Table  XL VI I.  —Composition  of  solutions  and  solid  residues  at  £5^. 


1500 


Solution. 

Precipitate  with  ad- 
licring  solution. 

Point. 

Point. 

raO. 

N,0». 

CaO. 

N,Oi. 

Percent. 

Percent. 

Percent. 

Per  cent. 

F 

1.21 

2.15 

F' 

«.85  '           1.00    1 

0 

4.16 

7.80 

G' 

37.70 

4.09 

H 

7.77 

14.70 

II' 

33.20 

7.20 

I 

9.34 

17.84 

V 

29.73 

9.87 

J 

9.83 

18.77 

J' 

27.49 

11.60 

K 

14.21 

2H.87 

K' 

3&  59            1.1 71 

L 

17.20 

33.32 

L' 

31.64,          36.36 

M 

18.50 

35.33  . 

1 

M'..  .. 

31.72            37.21 

1 

From  the  diagram  (figure  3)  it  will  be  seen  that  the  extension  of 
the  lines  F  F'  and  G  G'  meet  in  a  point  corresponding  to  solid  calcium 
hydroxide.  This  substance,  therefore,  was  the  solid  phase  in  con- 
tact w  ith  the  solutions  represented  by  the  curve  A  B. 
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It  is  evident  that  the  lines  joining  the  points  representing  the 
composition  of  the  solutions  and  their  corresponding  precipitates  for 
the  second  branch  of  the  curve,  when  extended,  do  not  meet  at  a 
common  point.  The  precipitate  is  therefore  of  variable  composi- 
tion, and  since  there  can  be  only  one  solid  phase  present,  it  must  be 
a  series  of  solid  solutions  containing  calcium  oxide,  nitric  oxide,  and 
probably  water. 

The  residues  along  the  third  branch  of  the  curve  proved  to  be  a 
substance  occurring  in  long  acicular  crystals.  As  scaled  off  from  the 
diagram  its  percentage  composition  is  CaO,  39.5;  NjOj,  38.0,  and 


HaO 


CoO 


^zOs 


Fio.  3.— Triangular  diagram  showing  the  composition  of  the  solutions  and  of  the  solid  phases  in 
contact  with  the  solutions  at  25**  C,  where  there  are  present  lime,  calcium  nitrate,  and  water. 

HjO,  22.5;   corresponding  to  the  compound  2CaO.N,05.3iH,0,  and 
is  identical  with  the  one  described  bv  Werner." 

The  solid  phase  in  contact  with  the  solutions  along  the  fourth 
branch  of  the  curve  was  undoubtedly  the  well-known  normal  nitrate 
Ca(N03)2.4H,0,  and  no  further  attempt  was  made  to  demonstrate 
its  composition.  The  data  for  the  "constant''  solutions  have  been 
brought  together  in  the  following  table : 

«Ann.  Chim.  Phys,  (6),  27,  570  (1892);  Compt.  rend.,  115,  169  (1892). 
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TABiiB  XLVIII. — Data  for  the  ''constant**  solutions  in  the  gystem,  calcium  nitrate,  lime, 

and  water  at  25°  C. 


Points. 


Solid  phases  In  contact  with  solution. 


A 
B 


D 

E 


Ca(OH)i 

Ca(OH)i,  and  solid  solution    (CaO.zNiOt 

yHiOj 

Solid  solution  (CaO.xNsOft.yHsO)  and  CaO 

NiOj.3iHfO 

CaO.NtOfr.31HsO,  and  Ca(NOt)s.4HtO 

Ca(NO«)i.4HiO 


Ck>ncentration  of  re- 
spective   solutions; 

.  grams  per  100  grams 
HjO. 


cS?OH?.  I  Ca(NO.),. 


0.118 

.170 

.440 
.203 
.000 


0.0 

20.73 

83.03 
135.3 
130.30 


OljrceroL 

The  following  table  gives  the  results  of  Berthelot  **  upon  the  solu- 
bility of  lime  in  glycerol  solutions. 

Table  XLIX. — Solubility  of  lime  in  glycerol  solutions  at^C. 


Glycerol 

CaO  per 

perlOOcc. 

100  c.  c. 

solution. 

solution. 

Orams. 

Gram. 

1 

0.165 

2 

.186 

2.60 

.192 

2.86 

.106 

5 

.240 

10 

.370 

The  results  of  Carles  *  are  in  accord  with  these,  showing  that  as 
the  content  of  the  solution  in  glycerol  becomes  greater,  the  solubility 
of  lime  also  increases. 

Table  L. — Solubility  of  lime  in  glycerol  solutions. 


Solution  containing— 

CaO  dis- 
solved. 

Water. 

Glycerol. 

OravM. 

Orams. 

Qrams. 

1,000 

0 

1.251 

1,000 

50 

1.865 

1,000 

100 

2.583 

1,000 

200 

4.040 

1,000 

400 

6.560 

The  presence  of  glycerol  in  solution  increases  the  solubility  of  Hme, 
as  the  following  table  by  Puis*"  indicates: 

a  Ann.  Chim.  Phys.  (3),  46,  173  (1856).     ftPhann.  Jour.  Trans.  (3),  4,  550  (1874). 

c  Jour,  prakt.  Chem.,  128,  83  (1877), 
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Table  LI. — Solubility  of  lime  in  glycerol  solviions. 


Glycerol 
per  100 
grams 

solution. 


CaOoer        Glycerol 
100  grams  ,     ^'iT? 


Orams. 
0.0 
2.00 
2.50 
2.86 
5.00 


Oram. 
0.1« 
.186 
.192 
.196 
.240 


Orams. 
10.00 
26.97 
.^7. 91 
51. 15 


CaO  per 
100  grams 
solution. 


Grams. 

0.370 

.595 

.852 

1.434 


The  following  table  contains  the  results  of  Herz  and  Knoch: " 

Table  LI  I. — Solubility  of  lime  in  glycerol  solutions  <U  25®  C. 


25° 
Density  256 

Glycerol  in 
solvent. 

Ca(OH), 
per  liter. 

Per  cent. 

Grams. 

1.0003 

0.0 

1.50 

1.0244 

7.16 

3.01 

1.0537 

20.44 

4.51 

1.0842 

31.55 

8.33 

1. 1137 

40.95 

1480 

1.1356 

48.70 

16.30 

1.2072 

09.20 

35.40 

ICannite. 

In  mannite   solutions  also  Berthelot  ^  has  found    that  the  solubil- 
ity of  lime  is  increased.     The  results  are  given  in  the  following  table 

Table  LI II. — Solubility  of  lime  in  mannite  solutions  at- 5°  C. 


Mannite 

CaO  per 

Mannite 

CaO  per 

per  100  c.  c. 

100  c.c. 

per  100  c.  c. 

lOOcc. 

solution. 

solution. 

■   solution. 
1     Grams. 

solution. 

Omms. 

Gram. 

Gram. 

0.0 

0. 14S 

'           1.37 

0.194 

.096 

.154 

1.60 

.207 

.192 

.155 

1.92 

.225 

.96 

.186 

2.40 

.255 

1.09 

.190 

4.80 

.372 

1.20 

.193 

9.00 

.753 

BvigBJC. 

The  use  of  lime  to  neutralize  the  acid  employed  in  the  settling 
tanks  in  sugar  factories  makes  the  subject  of  the  solubility  of  lime 
in  sugar  solutions  one  of  prime  importance.  Considerable  work  has 
been  done  on  this  subject  and  the  results  are  not  altogether  con- 
cordant. Owing  to  the  fact  that  sugar  and  lime  form  addition  com- 
poimds  the  quantity  of  lime  added  to  a  given  sugar  solution  should 
be  taken  into  account,  as  the  solid  phase  resulting  contains  consid- 
erable percentages  of  sugar.  Several  formulas  have  been  ascribed 
to  the  double  compound  obtained  by  adding  lime  to  sugar  solutions 
at  ordinary  temperature.     P61igot,^  Soubeiran,^  and  Benedikt*  have 

oZeit.  anorg.  Chem.,  46,  193  (1905). 
6  Ann.  Chim.  Phys.  (3),  46, 173  (1856). 

c  Ann.  Chim.  Phys.  (2),  67,  113  (1838);  Compt.  rend.,  82,  333  (1851). 
•  tf  Jour.  Pharm.  (3),  1,  469  (1842). 
«Ber,  d^utoch.  chem.  Gee.,  6,  413  (1873). 
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recorded  the  compound  CuH^On-CaO;  Soubeiran  found  another 
compound,  2Ci2H„Oii.3CaO;  and  P61igot«  and  Dubrimfaut'^  have 
recorded  the  compound  CuHjjOn.SCaO.  The  last  author  has  also 
determined  the  ratio  of  lime  to  sugar  in  saturated  solutions  at  differ- 
ent temperatures.  The  molecular  ratio  of  lime  to  sugar  is  eight 
times  as  great  at  or  below  0°  as  it  is  at  100°  C.  P61igot*^  has  deter- 
mined the  composition  of  the  solid  phase  in  contact  with  a  series  of 
solutions  in  which  the  sugar  content  varies  from  2.5  to  40  grams  of 
sugar  per  100  grams  of  water  The  composition  of  the  solid  phase 
was  found  to  vary  continuously  from  13.8  per  cent  to  21.0  per  cent 
lime,  thus  indicating  that  lime  and  sugar  form  a  series  of  solid  solu- 
tions, of  which  the  above  recorded  '' compounds  *'  are  members. 
The  so-called  solubility  of  lime  in  sugar  solutions  is  in  fact,  then,  the 
quantity  of  lime  in  the  sugar  solution,  the  solid  phase  being  one  of 
the  above  described  solid  solutions.  When  these  solids  are  heated 
with  water  the  solutions  cloud,  as  the  quantity  of  lime  in  hot  sugar 
solutions  is  very  much  less  than  in  cold  solutions.  On  cooling  again 
the  solutions  clear  up.  The  following  results  of  Lamy^  show  this  to 
be  the  case  in  10  per  cent  sugar  solution3.  The  solubility  in  water 
at  the  same  temperatm-e  has  been  given,  and  it  will  be  seen  that 
sugar  increases  the  solubility  much  more  in  cold  solutions  than  it  does 
when  the  solutions  are  hot. 


Table  LIV. 


-Solubility  of  lime  in  water  and  in  10  per  cent  sugar  solutions. 


Temper- 
ature. 


100 
70 
50 
30 


CaOper 
1,000  grams 
10  per  cent 
sugar  so- 
lution. 


Orams. 

15.5 

23.0 

53.0 

120.5 


CaO  per 

1,000  grams 

water. 


Orams. 

6.0 

•  7.9 

9.6 

11.7 


In    the   following  table  there  have  been  recorded  the  results  of 
Berthelot*  upon  the  solubility  of  lime   in  various  sugar  solutions: 

Table  LV. — Solubility  of  lime  in  sugar  solutions  at  5°  C. 


Sugar  per 

CaOper 

Sugar  per 

CaO  per 

100  c.c. 

100  c.  0. 

100  c.  c. 

100  c.  c. 

solution. 

solution. 

solution. 

solution. 
Cframe. 

Orams. 

Oram. 

Orams. 

0.0 

0.148  ; 

1.200 

.316 

.096 

.154 

1.386 

.326 

.191 

.172 

1.660 

.364 

.400 

.194 

2.000 

.433 

.960 

.264 

2.401 

.484 

1.058 

.281 

4.850 

1.031 

o  Jour.  Pharm.  (3),  19,  324  (1861). 

&  Compt.  rend.,  82,  498  (1851). 

c  Compt.  rend.,  82,  333  (1851). 

d  See  Weisberg.  Bol.  See.  Cblm.  (3),  28.  740  (1900). 

<  Ann.  Chlm.  Phys.  (3),  46, 173  (1856). 
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Weisberg*  has  collected  the  data  of  several  authors  upon  the  solu- 
bility of  lime  in  sugar  solutions  and  has  calculated  the  ratio  of  lime 
to  sugar  in  the  solution.  Also  in  the  following  table  are  the  results 
obtained  by  using  different  quantities  of  lime  with  which  to  saturate 
the  solutions.  In  all  probability  the  quantity  of  lime  has  caused  a 
marked  change  in  the. quantity  of  sugar  in  the  solution  by  the  union 
of  lime  and  sugar  in  the  solid  phase. 

Table  LVI. — Solubility  of  lime  in  sugar  solutions  according  to  various  authors. 


Derthelot. 


Pdligot. 


Petit. 


Schatten . 


Sugar  perl  CaO  per  Sugar  perl  CaO  per  Sugar  per  CaO  per 
100  c.  c.    100  grams    100  c.  c.  !100  grams    100  c.c.    100  grams 
solution,     sugar,     solution.!    sugar,    i solution.!    sugar. 


Orami. 
0.400 
.9<» 
1.058 
1.386 
1.660 
2.000 
2.401 
4.850 


Grams. 
48.50 
27.48 
26.57 
23.52 
21.92 
21.65 
20.16 
21.15 


CaO  per 

100  grams 

sugar. 


Orams.      Chrams.  I  Orams. 


2.33    1 

16.00 

4.64  ; 

18.06 

6.97    . 

20.33 

9.31 

22.10 

11.39 

22.40 

13.47 

22.70 

15.55 

23.00 

17.63 

23.15 

71 

52 

275 

84 

55 


Oramn.  ,   Orams. 


10.40 
17.10 
22.80 


16.4 
16.4 
16.4 
18.4 
20.5 
25.3 
25.7 
27.3 


1 

2 

3 

6 

8 

11 

13 

16 


Orams. 
29.10 
22.70 
20.95 
19.66 
20.64 
23.17 
24.23 
26. 26 


21.32 


24.69 


Table  LVII. 


-Solubility  of  lime  in  sugar  solutions  according  to  Weisbergy  showing  the 
effect  of  adding  lime  in  varying  quantities. 


IT=UiO  C] 

CaO  in 

excess. 
CaO  per 

CaO  in  great  excess. 

Sugar  per 

Sugar  per 

CaO  per 

100  c.  c. 

100  grams 

100  c.  c. 

100  grams 

solution. 

sugar. 

solution. 

sugar. 

Orams. 

Orams. 

Orams. 

Orams. 

0. 7814 

37.9 

0.625 

71.6 

.912 

32.3 

.964 

53.4 

L400 

30.5 

2.084 

36.0 

1.693 

28.9 

3.028 

32.3 

4.754 

27.7 

3.451 

31.7 

5.73 

27.1 

4.168 

30.2 

10.50 

27.6 

4.880 

28.7 

11.20 

27.2 

6.73 

28.3 

12.50 

27.3 

6.12 

27.4 

13.93 

27.9 

6.25 

27.7 

14.40 

27.5 

6.51 

27.5 

16.41 

28.0 

7.55 

27.9 

8.20 

27.3 

The  following  table  by  Weisberg^  shows  the  different  solubility  of 
quicklime,  of  calcium  hydroxide,  and  of  slaked  lime.  The  apparent 
difference  may  probably  be  ascribed  to  the  nonattainment  of  equili- 
brium conditions. 


«Bul.  Soc.  Chim.  (3),  21,  773  (1899). 
6  Bui.  Soc.  Chim.  (3),  23,  740  (1900). 
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Table  LVIII. — Solubility  of  quicklime  and  of  Blaked  lime  in  »ugar  solutions  at  15^ 

to  1€°  C. 


Ca 

.0,               I 

CaO  per 

100  grams 

sugar. 

Ca(C 

Sugar  per 

100  c.  c. 

solution. 

)n)i. 

Ca(On] 

Sugar  per 

100  c.  c. 

solution. 

«+ii»o. 

Sugar  per 

lOOcc. 

solution. 

CaO  per 

100  grams 

sugar. 

OratM. 
25.40 
25.45 
25.40 
25.00 
24.74 
24.72 
24.50 
24.50 
24.23 
23.60 
23.40 
23.30 
1 

CaO  per 

100  grams 

sugar. 

OratM. 

Oranu. 

13.00 

11.34 

10.30 

9.67 

8.27 

7.64 

6.84 

5.77 

4.73 

3.95 

3.02 

Orams. 
27.75 
27.57 
27.87 
27.61 
27.49 
27.50 
27.42 
27.80 
27.90 
27.73 
27.78 
27.93 

Orams. 

13.00 

11.96 

10.87 

9.67 

8.90 

8.06 

6.97 

5.46 

4.52 

3. 56 

2.67 

1.85 

Orams. 

11.18 
10.40 

22.40 
22.90 

8.68 
7.28 
6.29 
5.22 
4.03 

22.80 
21.70 
20.90 
20.55 
20.60 

2.29 

2.91 

20.05 

Finally,  Weisberg  has  compared  the  solvent  action  of  hot  sugar 
solutions  on  lime  with  that  of  cold  sugar  solutions. 

Table  LIX. — Solubility  of  various  soTnples  of  lime  in  hot  and  cold  sugar  solutions. 


CaO. 


Ca(OH)». 


Ordinary  tem- 
perature. 


80»C. 


Ordinary  tem- 
perature. 


WC. 


Ca(OU)i+H«0. 


Ordinary  tem- 
perature. 


Sugar 
per  100 

TOlu-     S^'ns 


per  100  iP^"^*^' per  100  ^J  r^  per  100 

solu-  |ff™"i8     rolu-     ^™™* 
tfiS.     «"«ar.     J5SS.     sugar. 


Oranu. 

13.68 

10.76 

6.56 

4.00 

4.43 


Orama. 
27.8 
27.6 
27.7 
27.4 
27.8 


Orams.'  Orams. 
10.97      21.18 


7.49 
4.58 
2.68 
2.78 


16.60 

16. 16 

13.59 

&85 


Orams. 

12.13 

11.59 

9.15 

a68 


Grams. 
25.5 
26.0 
26.0 
25.5 


Sugar 
per  100 
c.  c, 
solu- 
tion. 


Orams. 
8.16 
7.12 
5.72 
5.62 


CaO 

per  100 
grams 
sugar. 


Orams. 
7.50 
6.84 
6.36 
7.67 


Sugar  '    p  Q 

solu-      «^^^ 
tion.     «"^»^- 


Orams.  Orams. 


11.49 
8.85 
5.67 


23.1 
23.1 
23.1 


90»C. 


Sugar 
per  100 
c.  c 
solu- 
tion. 


CaO 

per  100 
grams 
sugar. 


Orams.  Orams. 


8.79 
6.29 
3.95 


11.78 

;      8.18 

7.65 


GENERAL   CONCLUSIONS. 

1.  The  apparent  solubility  of  lime  in  aqueous  solutions  is  greatly 
dependent  on  its  origin,  and  therefore  on  the  impurities  it  contains. 

2.  The  solubility  of  lime  at  0°  C.  is  approximately  twice  its  solu- 
bility at  100°  C.  The  temperature-solubility  curve  approximates  a 
straight  line. 

3.  The  solubility  of  lime  in  dilute  solutions  of  the  chlorides  of 
sodium,  potassium,  and  ammonium  is  greater  than  in  pure  water. 
The  solubiUty  curves  for  solutions  of  the  chlorides  of  sodium  and 
potassium  have  maximum  points,  and  in  saturated  solutions  the 
solubility  is  less  than  in  pure  water. 

4.  The  solubility  of  lime  in  very  dilute  solutions  of  calcium  chloride 
seems  to  be  less  than  in  pure  water,  but  as  the  concentration'increases 
the  solubility  is  raised  much  above  that  in  pure  water,  especially  at 
higher  temperatures. 
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5.  At  lower  temperatures  and  in  the  more  concentrated  solutions 
of  calcium  chloride  the  stable  solid  phase  is  calcium  oxychloride. 

6.  The  presence  of  other  hydroxides  depresses  markedly  the 
solubility  of  lime. 

7.  The  presence  of  gypsum  does  not  appreciably  affect  the  solu- 
bility of  lime. 

8.  In  contact  with  very  dilute  solutions  of  calcium  nitrate,  lime 
passes  into  solution  as  such,  the  solubility  increasing  with  concentra- 
tion of  nitrate:  at  higher  concentrations  the  stable  solid  is  one  of  a 
series  of  solid  solutions,  the  content  of  lime  still  increasing  with 
increase  of  nitrate ;  at  still  higher  concentrations  the  stable  solid  is  a 
basic  nitrate  of  definite  composition,  and  the  concentration  of  lime  in 
solution  falls  with  increase  of  nitrate;  finally,  at  verj'-high  concentra- 
tions the  neutral  nitrate  separates  as  a  solid  phase. 

9.  In  solutions  of  glycerol  or  mannite  the  solubility  of  lime  is 
increased  markedly  with  increase  of  concentration  of  the  carbohydrate. 

10.  When  lime  is  brought  into  contact  with  sugar  soluti(ms  the 
ratio  of  lime  to  sugar  in  the  solid  varies  continuously  with  the  com- 
position of  the  solution,  and  consequently  the  solid  compound  result- 
ing when  lime  is  added  in  excess  to  a  sugar  solution  is  one  of  a  series 
of  solid  solutions. 

11.  Cold  sugar  solutions  have  a  much  greater  solvent  action  upon 
lime  than  have  the  same  solutions  when  hot.  Heating  tends  to  pre- 
cipitate one  of  the  solid  solutions  described  above. 

12.  The  ratio  of  lime  to  sugar  in  solution  depends  on  the  tempera- 
ture and  on  the  concentration. 

CAIiCIXTM  CABBONATK. 
MODIFICATIONS   OF   CALCIUM   CARBONATE. 

The  formation  of  carbonates  in  natiu'e  has  been  the  subject  of 
much  research  by  chemical  geologists. °  Two  forms  of  calcium  car- 
bonate are  common,  calcite  and  aragonite,  and  there  seems  to  be 
good  reason  for  believing  that  at  the  higher  temperatures  and  in 
salt  solutions  aragonite  is  the  stable  solid  phase.  Watson  **  states  that 
above  30°  C.  aragonite  is  the  stable  form  of  calcium  carbonate  in  the 
presence  of  solutions  of  sodium  chloride  or  ammonium  chloride. 
Below  that  temperature,  calcite  is  stable. 

The  experiments  of  Foote  *"  have  shown  that  at  ordinary  tempera- 
tures calcite  is  the  stable  form  of  calcium  carbonate  in  solutions  of 
carbon  dioxide  and  also  in  mixed  solutions  of  potassium  carbonate 
and  oxalate.     The  solubility  of  calcite  is  shown  bv  electrical  con- 


«  For  a  review  of  the  literature  see  Vater,  Zeit.  Kryst.,  21,  433  (1893). 
b  Chem.  News,  63,  109  (1891). 
cZeit.  phys.  Chem.,  88,  740  (1900). 
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ductivity  to  be  less  than  that  of  aragonite  in  carbon  dioxide  solutions. 
The  conductivity  of  solutions  saturated  with  carbon  dioxide  and 
calcium  carbonate,  either  as  calcite  or  aragonite,  was  measured  at 
different  temperatures.  The  following  table  gives  the  ratio  of  the 
conductivities. 

Table  LX. — Ratio  of  conductivity  of  solutions  of  calcite  and  aragonite  in  water  saturated 

ivith  carbon  dioxide. 


Tempera- 

Aragonite 

ture. 

('alcite. 

8 

1.147 

25 

1.130 

41 

1.124 

48 

1.116 

1 

It  is  apparent  that  the  solubility  of  aragonite  is  higher  than  that  of 
calcite,  and  therefore  that  calcite  is  the  stable  solid  phase  under  these 
conditions.  The  ratio  is  smaller  at  higher  temperatures,  indicating 
that  the  solubilit}^  curves  are  approaching  one  another,  and  that  at 
some  higher  temperature  aragonite  would  probably  become  the  sta- 
ble phase.  The  effect  of  various  salts  has  not  been  closely  investi- 
gated. 

A  large  amount  of  chemical  work  and  of  speculation  has  been 
done  upon  the-  conditions  of  the  formation  of  dolomite  in  nature. 
The  theory  that  dolomite  resulted  from  the  action  of  vapors  of  vol- 
canic origin  upon  limestone  rocks  has  long  since  been  abandoned. 
All  the  authorities  are  now  agreed  that  dolomite  has  been  deposited 
from  aqueous  solution,  either  by  deposition  of  the  carbonates  of 
calcium  and  magnesium  together  or  by  the  action  of  water  earning 
magnesium  salts  on  some  form  of  calcium  carbonate.  In  nearly  all 
the  experiments  upon  the  artificial  formation  of  dolomite  high  tem- 
perature has  been  necessary.  By  heating  a  solution  of  magnesium 
sulphate  with  calcium  carbonate  in  a  sealed  tube  to  200°  C.  von 
Morlot" has  obtained  dolomite;  Favre**  used  a  solution  of  magnesium 
chloride ;  Hoppe-Seyler  *"  used  a  solution  of  magnesium  sulphate  and 
calcium  carbonate  saturated  with  carbon  dioxide  above  100°  C,  and 
also  confirmed  the  results  of  von  Morlot  and  of  Favre.  Hunt  ^  mixed 
equivalent  quantities  of  the  chlorides  of  magnesium  and  calcium  and 
added  sodium  carbonate  to  the  solution.  At  high  temperature 
dolomite  was  formed.  In  all  the  above  work  calcium  carbonate  in 
the  form  of  calcite  was  employed.      Klement*  has  investigated  the 

oHaidinger's  Naturwiss.  Abhandl.,  1,  305  (1847). 

6  Arch.  Sci.  Phys.  et  Nat.,  10,  177  (1849). 

cZeit.  deutsch.  geol.  Gesell.,  27,  495  (1875). 

d  Am.  Jour.  Sci.  (2),  28,  170,  365  (1859);  42, 49  (1866). 

«Bul.  Soc.  Beige.  Geol.,  8,  219  (1894);  Tschermaks  Mitt.,  14,  526  (1895). 
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action  of  magnesium  solutions  upon  aragonite  under  various  condi- 
tions. He  finds  that  at  about  60°  C.  magnesium  sulphate  in  satu- 
rated sodium  chloride  solutions  begins  to  react  upon  aragonite  to 
form  dolomite,  while  under  like  conditions  there  is  no  reaction  upon 
calcite.  The  extent  of  reaction  increases  with  the  time  of  contact, 
with  the  temperature,  and  with  the  concentration  of  salt  in  solution. 
There  seems  to  be  a  maximum  amount  of  magnesium  carbonate  in 
the  solid  for  each  temperature.  At  91°  C.  42  per  cent  of  the  solid 
is  magnesium  carbonate.  The  addition  of  the  sodium  chloride  is 
equivalent  to  raising  the  temperature:  In  some  further  experi- 
ments coral  was  employed  and  w^as  shown  to  act  very  similarly  to 
aragonite.  The  final  conclusion  is  that  dolomite  is  formed  by  the 
action  of  sea  water  on  aragonite,  hot  and  in  concentrated  solution. 
Pfaff "  has  shown  that  dolomite  separates  from  solution  saturated 
with  common  salt,  the  carbonates  of  lime  and  magnesium,  and 
carbon  dioxide,  in  the  presence  of  sulphides.  The  sulphides  are 
derived  in  nature  by  the  action  of  organic  materials  upon  sulphates. 

HYDRATES   OF    CALCIUM    CARBONATE. 

Rammelsberg''  found  in  a  river  rhomboidal  crystals  of  CaCOj.SHjO, 
which  at  15°  C.  were  dehydrated  even  under  w^ater.  Pelouze*^  has 
obtained  the  same  compound  by  exposing  a  solution  of  lime  in  sugar 
at  a  temperature  of  7°  to  8°  C.  After  some  weeks  the  above  com- 
pound was  formed.  At  a  lower  temperature  CaCOs.GHjO  was  pro- 
duced when  carbon  dioxide  w^as  passed  into  the  solution.  This  same 
precipitate  was  obtained  by  passing  carbon  dioxide  into  lime  water 
at  0°,  the  precipitate  being  at  first  flocculent  but  soon  changing  to  a 
heavy  crj'stalline  powxler.  The  crystals  change  at  30°  C.  to  a  semi- 
fluid paste,  which  is  a  mixture  of  anhydrous  calcium  carbonate  and 
water,  a  result  which  was  confirmed  by  Hunt.''  At  20°  C.  the  same 
change  occurs,  but  not  so  rapidly,  and  at  low^er  temperatures  the  salt 
effloresces.  At  0°  the  precipitate  formed  by  mixing  solutions  of  cal- 
cium chloride  and  sodium  carbonate  becomes  crystalline  on  standing. 
Tschiwinsky '^  considers  that  the  existence  of  the  hydrate  CaCogSBLjO 
has  also  been  established  and  proposes  the  name  trihydrocalcite, 

SOLUBILITY   OF   CALCILTtf   CARBONATE   IN    WATER. 

The  results  obtained  by  various  experimenters  on  the  solubility  of 
calcium  carbonate  in  -water  are  far  from  concordant.  In  all  likelihood 
this  may  be  ascribed  to  impurities  in  the  calcium  carbonate — as,  for 
instance,  free  lime  w^ould  tend  to  increase  the  apparent  solubility,  if 

a  N.  Jahresb.  f.  Min.,  Beilage  Bd.  9,  485  (1894). 

ft  Ber.  deutech.  chem.  Ges.,  4,  469  (1871). 

c  Jour.  Pharm.  (4),  1,  278  (1866). 

d  Am.  Jour.  Sci.  (2),  42,  49  (1866). 

^  Annuaire  g6ol.  et  mineral.  Russie,  8,  245  (1906). 
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the  calcium  in  solution  was  determined.  Another  reason  is  probably 
the  presence  of  carbon  dioxide  in  the  water  used  by  the  early  experi- 
menters. Whipple  and  Mayer  have  more  recently  pointed  out  a  very 
important  source  of  error  which  has  been  almost  disregarded  by  pre- 
vious workers.  The  solubility  of  the  glass  vessels  in  water  is  some- 
times much  greater  than  that  of  the  calcium  carbonate,  and  these 
authors  have  tested  this  point  by  using  glass  of  various  kinds,  and  have 
found  that  Bohemian  glass  gave  alkaliue  solutions  which  would  have 
caused  errors  in  solubility  determinations  of  over  100  per  cent.  Jena 
glass  they  have  found  to  be  much  more  resistant  to  the  action  of 
water  and  have  used  this  in  their  determinations,  in  which  corrections 
have  been  made  for  the  solubility  of  the  glass  vessels. 

Table  LXI. — Solubility  of  calcium  carbonate  in  water  according  to  various  experimerUers, 


CaCOj  per 

liter. 

Tempera- 
ture. 

Observer. 

Milligram*. 
63  • 
42-63 
113 
94 
20 
78 
16 
34 
36 
34 
13.1 
28.5 
27 
10 

12.5 
103 
145 
12.8 
20.7 
13 

Brandes.a 

Buohholz.a 

Freseniu5.fr 

Fresenius. 

Pdligot.c 

Kremers.tf 

Bineau.0 

Hofmann./ 

Weltzlen.^ 

Chevalet.A 

Schloesing.^ 

Anderson,  i 

Lubavin.t 

Hollemann./ 

lloUemann. 

Pollaccl.w 

Pollacci. 

Le  Blanc  and  Novotn:^." 

Le  Blanc  and  Novotn^. 

Whipple  and  Mayer,  o 

(Hot) 
(Cold) 

15 

16 

8.7 

23.7 

12 

100 

18 

05  to  100 

20 

oSee  Coiney,  Dictlonaiy  of  Chemical  Solubilities  (1896),  82. 

b  Ann.  Chem.  Pharm.,  &9.  177  (1846). 

«Jour.  Pharm.  (3),  19,  324  (1&51). 

d  Ann.  Phys.  Chem.,  86,  246  (1852). 

«  Ann.  Chfm.  Phys.  (3),  61,  290  (1857). 

/Jour.  Chem.  Soc.,  4,  381  (1852). 

9  Ann.  Chem.,  186, 165  (1865). 

A  Bul.  mens,  de  la  soc.  chim.  de  Paris.  Aug.  1868,  p.  90;  abstr.  in  Zeit.  anal.  Chem.,  8,  91  (1809). 

<Compt.  rend.,  74, 1552  (1872). 

S  Proc.  Roy.  Soc  Edinbuivh,  16,  319  (1889). 

ik  Jour.  Rusa.  Chem.  Soc.,  24,  389  (1892);  abstr.  in  Jour.  Chem.  Soc.,  64  II,  373  (1893). 

I  Zeit.  phys.  Chem.,  12.  125  (1893). 
«  L'OrosI,  19,  217  (1896);  abstr.  in  Jour.  Chem.  Soc.,  72  II,  280  (1897). 

«Zeit.  anorg.  Chem..  61, 181  (1906). 

0  Joar.  Infectious  Diseases,  Suppl.  No.  2. 151  (1906). 
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Carbon  dioxide. 

It  was  shown  by  Vogel*  as  eaiiy  as  1814  that  when  carbon  dioxide 
is  passed  into  lime  water  all  the  lime  dissolves  and  when  the  solution 
is  heated  calcium  carbonate  precipitates.  Upon  the  addition  of 
carbon  dioxide  to  the  solution  again  the  precipitate  redissolves.  The 
experiments  by  Irving  ^  indicate   that  heat  is  evolve<^l    both  when 


a  Bul.  Pharm.,  0,  258  (1814). 


b  Chem.  News,  03,  192  (1891). 
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the  carbonate  is  being  precipitated  from  lime  water  and  also  when  the 
excess  of  carbon  dioxide  is  redissolving  the  precipitate.  The  solu- 
bility of  calcium  carbonate  in  carbon  dioxide  solutions  has  been  de- 
termined  by  many  investigators  and  the  early  results  are  not  at  aU 
concordant.  The  following  table  contains  the  results  obtained  by  the 
various  observers: 


Table  LXII. — Solubility  of  calcium  carbonate  in  water  carrying  carbon  dioxide. 


CaCOi  per  liter. 


Temper- 
ature. 


Grarrut. 


0.7003 

.8803 

.6700 

1.800  (burnt  lime) 
2.800  (pure  lime). 

2.500 

l.Otol.5 

3.0 

1.1«5  to  2.305 

0.9842 

1.13  to  1.17 

1.30  to  1.31 

1.43 


0 
10 


12 
15 


Observer. 


Lassaigne.o 

Lassaigne. 

Bernnann.b 

Biscnof.  c 

Bischof. 

Marchand.^ 

Struvo.6 

Caro.b 

Boutron  and  Boudet.d 

Warington.« 

Trea.dwell  and  Renter. /" 


13.2  !  Treadwell  and  Reuter. 


28 


Treadwell  and  Reut<»r. 


o  Jour.  Chim.  MM.  (3),  4,  312  (1848). 

fcSee  Caro,  Inaug.-Diss.,  Jena  (1873);  Arch.  Pharm.  (3),  4,  145  (1874). 

eSoe  Treadwell  and  Reuter.  Zeit.  anorg.  Chem.,  17, 170  (1898). 

d  Jour.  Pharm.  (3),  26,  16  (1854). 

«  Jour.  Chem.  Soc.,  19.  296  (1866). 

/Zeit.  anorg.  Chem.,  17, 170  (1898). 

The  above  results  show  that  the  solubility  depends  very  largely 
upon  the  purity  of  the  original  material.  The  solubility  of  calcium 
carbonate  in  water  containing  carbon  dioxide  is  quite  similar  in  kind 
to  the  solubility  of  dicalcium  phosphate  in  phosphoric  acid.  Just  as 
the  amount  of  dicalcium  phosphate  in  phosphoric  acid  solutions 
increases  with  increasing  concentrations  of  acid,^  so  the  amount  of 
calcium  carbonate  in  carbon  dioxide  solutions  increases  with  increas- 
ing amounts  of  carbon  dioxide.  The  difference  between  the  two 
cases  is  that  in  one  instance  the  solid  phase  changes  above  certain  con- 
centrations of  the  acid  in  solution  while  in  the  case  of  the  carbonate  no 
carbonate  other  than  CaCOg  has  been  recorded.  The  results  of 
Schloesing'^  on  the  solubility  of  calcium  carbonate  in  carbonic  acid 
solutions  at  16°  C.  are  as  follows: 


a  See  Bui.  No.  41,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1907). 
b  Compt.  rend.,  74,  1552  (1872). 
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Table  LXIII. — Solubility  of  calcium  carbonate  in  water  containing  carbon  dioxide  at 

various  partial  pressures  at  16°  C. 


Pressure 
COj. 

COa  per  liter. 

CaCOs  per 
liter. 

Atmosphere. 
O.000SO4 

Milligrams. 
60.96 

Milligrams. 
74.6 

.000608 

72.11 

85.0 

.0033 

123.0 

137.2 

.01387 

218.36 

223.1 

.0282 

310.4 

296.5 

.05008 

408.5 

360.0 

.1422 

533.0 

.2538 

1,072.2 

663.4 

.4167 

•    1,500.5 

787.5 

.5533 

1,846.3 

885.5 

7297 

2,2«i0.3 

972.0 

.9841 

2,864.2 

1,086.0 

In  a  later  paper  ^  Schloesing  has  shown  that  the  equation  p^  =  Jcy 
describes  the  results.  In  the  equation  p  is  the  pressure  of  CO,,  y  is  the 
amount  of  bicarbonate  in  solution,  i.  e.,  the  amount  of  CaO  calculated 
as  CaHjCCOg),,  and  m  and  Jc  are  constants. 

The  encipyrical  formula  of  Schloesing  has  been  modified  by  van^t 
Hoff **  to  the  form  C^  *'**  =  /fCj,  where  0^  is  the  concentration  of  cal- 
cium bicarbonate  and  C^  is  the  concentration  of  carbon  dioxide,  which 
in  turn  is  proportional  to  the  partial  pressure  of  the  gas.  The  coeffi- 
cient 2.56  is  known  as  the  *' activity  coefficient,"  and  isshowoi  to  vary 
with  the  dilution  and  at  very  extreme  dilution  equals  3.  Bodlander^ 
has  calculated  the  dissociation  constants  at  different  dilutions  and  has 
recalculated  Schloesing's  results  by  a  new  formula,  which  describes 
the  facts  quite  satisfactorily. 

Where  p  is  the  pressure  in  atmospheres  and  y  is  the  quantity  of  cal- 
cium bicarbonate  in  grams,  the  values  of  the  constants  are  m  =  0.3787 
and  A:  =  0.9213.  Engel  **  has  determined  the  solubility  of  calcium  car- 
bonate at  pressures  greater  than  1  atmosphere  and  has  found  that 
the  formula  proposed  by  Schloesing  describes  the  conditions  up  to  6 
atmospheres,  which  was  the  highest  pressure  at  which  he  worked. 

TiiBLE  LXIV. — Solubility  of  calcium  carbonate  in  water  containing  carbon  dioxide  at 

higher  pressures. 


Pressure 
COa. 

CaCOj  Der 
liter,  ob- 
served. 

CaCOs  per 
liter,  calcu- 
lated. 

Atmospheres. 

1 
2 
4 
6 

Milligrams. 
1,079 
1,403 
1,820 
2,109 

Milligrams. 
1,085 
1,411 
1,834 
2,139 

aCompt.  rend.,  75,  70  (1872). 

ft  Vorlesungen  flbcr  theoretJ«che  und  physikalische  Chemie,  1, 149. 

e  Zeit.  phyi.  Chem.,  So,  23  (1900). 

c<Compt.  rend.,  101,  949  (1885);  Ann.  Chim.  Phys.  (G),  13,  344  (1888). 
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Tread  well  and  Reuter*  have  also  determined  the  solubility  of  cal- 
cium carbonate  in  solutions  of  carbon  dioxide  at  temperatures  10®  to 
14*^  C.  (average  12°),  with  the  following  results: 

Table  LXV. — Solubility  of  calcium  carbonate  in  variaus  solutions  of  carbon 

dioxide  in  water. 


Pressure  of 

COa  per  100 

CaHj  (CO,)t 

COj. 
Milligrams. 

c.  c. 

per  100  c.  c. 

Milligrams. 

Milligrams.  ' 

67.9 

1.57. 4 

187.2    ' 

45.9 

86.3 

175.5    , 

41.4 

52.8 

159.7 

16.6 

48.5 

154.0 

14.4 

34.7 

149.2 

13.1 

24.3 

133.1 

6.0 

14.5 

124.9 

3.1 

4.7 

82.1 

1.9 

2.9 

59.5 

.6 

40.2 

The  quantity  of  various  samples  of  calcium  carbonate  which  sea 
water  would  dissolve  under  various  pressures  has  been  determined  by 
Reid.^  In  all  the  experiments  the  water  contained  about  1  gram  of 
carbon  dioxide  per  Uter  and  the  time  of  contact  of  the  water  and  car- 
bonate was  30  to  60  minutes. 

Table  LXVI. — Solubility  of  calcium  carbonate  in  water  containing  carbon  dioxide. 


Material. 


Oloblgerina  ooze  I . 


Globigerina  ooze  II. 


Coral  sand  I . 


Coral  sand  II. 
Pteropods 


Crystalline . 


Qround  crystals. 


,  COjper 
liter  sea 
water. 

Pressure . 

Temper- 
ature. 

CaCOi 
per  liter. 

OraiMT. 

Tons. 

«>C. 

Oram. 

1.0071 

4 

12.0 

0.0906 

1.0494 

4 

12.0 

.1486 

1.0523 

4 

9.0 

.1191 

1.0203 

4 

9.0 

.1080 

1.0102 

(1  atm.) 

12.2 

.0568 

1.0744 

(1  atm.) 

10.0 

.0572 

1.0777 

2 

8.3 

.0990 

f    1.0275 

4 

8.6 

.0761 

1.0688 

4 

8.8 

.0997 

1.0001 

(1  atm.) 
(l  atm.) 

15.0 

.0236 

1.0039 

13.2 

.0270 

1.0664 

4 

8.8 

.1398 

1.0115 

4 

8.8 

.1011 

1.0405 

(1  atm.) 
(1  atm.) 

11.6 

.0429 

1.0069 

1Q.5 

.0418 

.966<5 

(1  atm.) 

12.2 

.0407 

l.a596 

4 

9.1 

.1220 

\    1.0738 

(1  atm.) 

9.0 

.0391 

1.0779 

4 

8.3 

.1098 

1.0557 

(1  atm.) 

11.0 

.0516 

1.0307 

4 

8.3 

.0371 

.9865 

4 

9.0 

.0132 

.9845 

(1  atm.) 

10,0 

.0102 

1.0410 
1.0513 
1.0440 
I     1.0532 
1.0536 

12.2 
12.2 
13.1 
14.7 
12.6 

.0082 

.Oa'iO 

.0034 

.0048 

.0322 

The  author  draws  the  conclusion  that  "the  amount  of  carbonate  of 
lime  dissolved  at  a  pressure  of  4  tons  per  square  inch  is  so  much  greater 
than  the  amount  dissolved  at  the  ordinary  pressure  that  I  think  it 


o  Zeit.  anoig.  Chem.,  17, 170  (1898).        h  Proc.  Roy.  Soc.  Edinburgh,  15,  151  (1888). 
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justifies  the  conclusion  that  the  effect  of  pressure  is  to  increase  the 
rate  of  solution  ....  It  is  to  be  noted  that,  although  these  results 
may  indicate  that  the  solution  of  carbonate  of  lime  in  carbonic-acid 
water  is  more  rapid  under  high  pressures,  it  by  no  means  follows 
that  the  solubility  is  greater  than  at  the  ordinary  pressure  {ceteris 
paribus)  y 

Sodiom  hydroxide  and  carbonate. 

In  the  process  of  manufacture  of  caustic  alkah  from  alkaUne  carbon- 
ate and  lime  the  relative  solubility  of  lime  and  of  calcium  carbonate 
in  solutions  of  the  alkalies  and  alkaline  carbonates  is  an  important 
factor  in  determining  the  equilibrium  conditions.  The  caustification 
of  sodium  carbonate  would  be  represented  by  the  reaction, 

Na,C03  +  Ca(OH),**2NaOH  -h  CaCO,. 

This  is  a  four-component  system,  water  being  the  fourth  component, 
and  consequently  when  the  temperature  is  fixed  there  may  be  five 
phases  at  some  definite  concentration.  There  may  be  foiu:  phases 
over  a  range  of  conditions,  i.  e,,  the  system  is  uni variant.  Several 
experimenters  have  found  the  equilibrium  conditions  where  there  are 
the  two  sohd  phases — calcium  hydroxide  and  calcium  carbonate — 
liquid  and  vapor. 

The  presence  of  the  reaction  product,  caustic  soda,  in  solution 
depresses  very  greatly  the  solubiUty  of  calcium  hydroxide,  and  conse- 
quently is  one  factor  tending  to  bring  the  reaction  to  a  standstill. 
Reference  has  already  been  made  "  to  the  results  of  d' Anselme  on  the 
solubility  of  Ume  in  solutions  of  caustic  soda. 

As  the  solubility  of  calcium  carbonate  in  sodium  hydroxide  solu- 
tions has  been  found  to  be  less  than  in  pure  water,  for  dilute  solutions 
of  the  alkali,  this  fact  would  tend  to  cause  the  reaction  to  go  to  the 
right,  i.  e.,  toward  the  formation  of  calcium  carbonate  and  sodium 
hydroxide.  The  following  results  by  Le  Blanc  and  Novotn^^  ^  give  the 
solubility  of  calcium  carbonate  in  these  solutions: 

Table  LXVII. — Solubility  of  calcium  carboruite  in  solutions  of  sodium  hydroxide. 


NaOH  per 
liter. 


CaCOa  per  liter. 


80°  C.  95°  to  100°  C. 


Oram.  .  Milligrams. 

ao  12.  S 

.004  8.7 

.04  4.2 


1  Milligram*. 
20.7 
9.6 
6.9 


.4        I  4.3    I  5.7 

a  Pa^  27.  &  Zeit.  anorg.  Chem.,  51, 181  (1906). 
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The  equilibrium  conditions  have  been  found  experimentally  by 
Lunge  and  Schmid,"  by  Bodlander  and  Lucas/  and  by  Le  Blanc  and 
Novotn^f,*^  all  of  whom  have  shown  that  the  change  from  sodium 
carbonate  to  sodium  hydroxide  is  much  more  complete  in  dilute 
solutions  than  in  concentrated  solutions.  For  instance,  the  last- 
named  authors  have  determined  the  composition  of  the  two  sodium 
compounds  present  in  the  solution  after  an  excess  of  lime  has  been 
added  to  varying  solutions  of  sodium  carbonate.  At  100°  C,  when  a 
normal  solution  w'as  used,  about  99  per  cent  of  the  sodiuni  was  present 
as  sodium  hydroxide,  while  when  a  3-normal  (3X)  solution  was  used 
93.6  per  cent  was  present  as  hydroxide. 

A  recently  published  paper  by  Wegscheider  ^  contains  an  investiga- 
tion of  the  nature  of  the  solids  formed  when  calcium  carbonate  is 
mixed  with  solutions  of  sodium  carbonate.  Above  certain  concentra- 
tions it  was  found  that  a  double  compound  of  sodium  and. calcium 
carbonate  was  fonned,  CaCOg.NajCOg.SHgO  at  11°  C,  while  at  and 
above  40°  C.  the  double  compound  was  of  the  composition  CaCOg. 
Na2C03.2ri20.  The  following  table  gives  the  composition  of  the 
** constant''  solutions  at  various  temperatures,  the  concentration 
with  regard  to  calcium  carbonate  being  too  small  for  determination: 

Table  LXVIII.--r^   ''constant''   solutions  at  various  temperatures  in  the  system. 


Temper- 
ture. 


11 
40 
GO 
80 


Solid  phases. 


Concentration  of  solution. 


CaCOs;  C^COs.NajCOa.5IIjO 0.86  normal  NajCOs. 

CaCOg;  CaCO«.NaiCOs.2IIiO 2.14  normal  NajC^Oj. 

do 3-77  normal  NajCO». 

do 4.:w 


The  same  author  has  also  published   results   upon   the  equilibria 
obtaining  when  free  caustic  soda  is  pf-esent  in  the  solution. 

Table  LXIX. — Solid  piloses  at  different  concentrations  and  temperatures  in  the  system, 

AttjCOj,  NaOH,  CaCO^,  H/). 


Temper- 
ture. 


o/> 


a 


fiO 
tiO 
80 
80 


Solid  phases. 


Concentrution  of  solution. 
NasCO,.  NhOH. 


CaCOs;  CaC0a.XHjCO8.2H,O 1.8  nonnal. 

do 3.7  nonnal . 

do 1.9  nonnal. 

do i  3.3  normal . 


2.0  normal. 
1.3  normal. 
2.9  normal. 
2.0  normal. 


a  Ber.  deutsch.  chem.  Ges.,  18,  3286  (18S.')). 

tZeit.  Elektrochem.,  11, 186  (1906);  Zeit.  angew.  Chem.,  IS,  \IM  (1905). 

c  Loc.  ci  t. 

d  Ann.  Chem.,  861,  87  (1907). 
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Sodium  chloride. 

Lubavin"  has  recorded  the  following  qualitative  result:  100  parts 
of  a  solution  of  sodium  chloride  (2.535  per  cent)  dissolves  0.0037  part 
CaCOj,  calculated  as  CaO,  or  0.0053  part  calc-spar. 

In  the  following  experiments  Cantoni  and  Goguelia^  have  deter- 
mined the  quantity  of  calcium  carbonate  in  solutions  of  sodium  chlo- 
ride after  the  solution  had  stood  in  contact  with  solid  calcium  car- 
bonate for  98  days  at  room  temperature  (12°  to  18°  C). 

Table  LXX. — Solubility  of  calcium  carbonate  in  sodium  chloride. 
(Time  of  contact,  98  days,  at  12  to  18«»  C.J 


NaClln    ,     CaCO, 
solution.   '   per  liter. 


Per  cent. 

5.85 
10.00 
20.00 


Oram. 

0.0497 
.0503 
.0713 


In  the  following  experiments  by  Cameron,  Bell,  and  Robinson*^ 
carbon  dioxide  was  carefully  excluded  by  using  distilled  water 
which  had  been  boiled  for  some  time  before  the  solutions  were  made. 
This  was  necessary,  for  carbon  dioxide,  even  at  a  partial  vapor  pressure 
^qual  to  that  in  the  ordinary  air,  is  capable  of  producing  a  great 
mcrease  in  the  solubility  in  sodium  chloride  solutions. 

Table  LXX  I. — Solubility  of  calcium  carbonate  in  sodium  chloride  solutions  free  from 

carbon  dioxide  at  25°. 


Density  ^^ 
25° 


NaClinlOol  ,9S^?»i^, 
grama  H,0.   ^"^if^g". 


Orams. 

Oram. 

1.0079 

1.601 

0.0079 

1.0314 

5.177 

.0086 

1.0466 

9.25 

.0094 

1.0734 

11.48 

.0104 

1.0944 

16.  fiT) 

.0106 

1.1346 

22.04 

.0115 

1. 1794 

30.50 

.0119 

Sodium  chloride  and  carbon  dioxide. 


In  the  following  tables  are  given  the  results  of  Treadwell  and 
Renter,**  upon  the  solubility  of  calcium  carbonate  in  water  containing 
5  grams  of  sodium  chloride  per  liter  and  containing  various  quantities 
of  carbon  dioxide. 


a  Jour.  Russ.  Phys.  Chem.  Soc,  24,  389  (1892);  abstr.  in  Jour.  Chem.  Soc,  64  ii,  373 
(1893). 
&Bul.  Soc.  Chem.  (3),  33,  13  (1905). 
c  Jour.  Phys.  Chem.,  11,  396  (1907). 
dZeit.  anorg.  CKem.,  17, 170  (1898). 
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Table  LXXII. — Solubility  of  calcium  carbonate  in  various  solutions  of  carbon  dioxide 

in  sodium  chloride  solution  (}  per  cent). 


Pressure  of 

COfper 

CaHi(COt), 

COi. 

100  c.  c. 
hfUligrams. 

po.r  100  c.  c. 

MiUimeters. 

Milligrams. 

12S.S 

132.5 

218.4 

78.2 

110.1 

149.2 

4M 

23.5 

149.2 

24.0 

12.5 

118.3 

3.8 

8.7 

73.9 

3.4 

.3 

40.0 

By  comparison  with  Table  LXV  it  is  apparent  that  the  quantity 
both  of  free  carbon  dioxide  and  of  calcium  bicarbonate  is  less  in  salt 
solution  than  in  pure  water. 

The  following  results  are  quoted  from  the  work  of  Cameron  and 
Seidell  *  upon  the  solubility  of  calcium  carbonate  in  solutions  of 
sodium  chloride,  the  partial  pressure  of  carbon  dioxide  in  the  vapor 
phase  being  that  of  ordinary  air. 

Table  LXXII  I. — Solubility  of  calcium  carbonate  in  aqueous  solutions  of  sodium  chloride 

at  25°  C.  in  equilibrium  with  atmospheric  air. 


Calcium  in  so- 

NaCl ppr 
liter. 

lution,  calcu- 
lated as 

CaHi  COi  per 

liter. 

Oram*. 

Oram. 

0.0 

0.1046 

9.72 

.1770 

21.01 

.2051 

30.30 

.2152 

50.62 

.2252 

09.37 

.2212 

98.4 

.2172 

147.4 

.1971 

234.5 

.1569 

262.3 

.1227 

Table  LXXIV  gives  the  results  where  the  pressure  of  the  vapor 
phase,  which  consisted  entirely  of  carbon  dioxide  and  water  vapor, 
was  one  atmosphere.  This  was  attained  by  saturating  the  solutions 
with  carbon  dioxide  at  a  lower  temperature  than  25°  C.  and  removing 
the  stopper  of  the  bottles  at  intervals  to  allow  the  excess  of  the  gas  to 
escape  after  the  bottles  had  been  brought  to  the  temperature  of  the 
experiment. 

a  Bui.  No.  18,  Division  of  Soils,  U.  S.  Dept.  Agr.  (1901),  p.  58;  Jour.  Phys.  Chem.,  6, 
50  (1902). 
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Table  LXXIV. — Solubility  of  calcium  carbonate  in  todium  chloride  soluiiona  saturated 

loith  carbon  dioxide  at  i?5°  C.  and  one  atviosphere  pressure. 


oeo 

NaQ  in 

CaCOa  in 

I>«Mityg^ 

100  grams 
HiO. 

lOOjrrams 
HfO. 

Oranu. 

Oram. 

1.0129 

1.45 

0.150 

1.0499 

5.60 

.160 

1.0501 

6.48 

.173 

1.0759 

11.06 

.174 

1. 1015 

15.83 

.172 

1.1246 

19.62 

.159 

1.1789 

29.89 

.123 

1.1957 

35.85 

.103 

Sodium  sulpliate. 

The  foUpwing  experiments  were  similar  to  those  in  Table  LXXI, 
except  that  sodium  sulphate  was  used  instead  of  sodium  chloride. 

Tablb  LXXV. — Solubility  of  calcium  carbonate  in  sodium  sulphate  solutions  free  from 

carbon  dioxide  at  2^  C. 


ORO 

NaiSOi  in 

CaCOi  in 

Density  g, 

100  grams 
water. 

100  grams 
HiO. 

QravM. 

Oram. 

1.0081 

0.97 

0.U151 

1.0161 

1.65 

.0180 

1.0363 

4.90 

.0262 

1.1084 

12.60 

.0313 

1.1200 

14.55 

.0322 

1.1539 

19.38 

.0346 

1. 1615 

21.02 

.0343 

1.1837 

23.90 

.0360 

Sodium  sulphate  and  carbon  dioxide. 

Table  LXXVI. — Solubility  of  calcium  carbonate  in  aqueous  solutions  of  sodium,  sul- 
phate at  24^  C.  in  equilibrium  unth  atmospheric  air. 


1 

Total  calcium 

Calcium  actu- 

NatSOi per 

calculated  as 

ally  dissolved, 

liter. 

CaHt  (C0,)t 

as  CaHi(COs)f 

per  liter. 

per  liter. 

Qrams. 

Oram. 

Oram. 

0.0 

0.0925 

0.0925 

2.800 

.1488 

.1488 

3.235 

.1729 

.1729 

11.73 

.233 

.221 

36.86 

.324 

.302 

74.01 

.396 

.344 

116.2 

.458 

.366 

184.2 

.563 

.394 

213.7 

.591 

.406 

255.9 

.665 

,4qp 

In  the  last  table  the  results  show  that  the  solutions  contained  not 
only  the  bicarbonate  but  the  normal  carbonate  of  calcium  as  well, 
and  that  with  increasing  quantities  of  sodium  sulphate  the  quantity 
of  calcium  carbonate  increased  also. 
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Sodium  chloride  in  the  presence  of  gypsum  as  solid  phase. 

It  will  be  observed  by  comparison  of  Tables  LXXIII  and  LXXVII 
that  the  presence  of  calcium  sulphate  in  solution  depresses  the  solu- 
bility of  calcium  carbonate,  as  might  be  expected  in  the  case  of  a  salt 
in  solution  with  a  common  ion.  In  both  these  tables  the  solubility  of 
calcium  carbonate  passes  through  a  maxinmm. 

In  the  following  table  are  given  the  results  of  experiments  by 
Cameron  and  Seidell*'  upon  the  solubility  of  gypsum  and  calcium 
carbonate  in  sodium  chloride  solutions,  both  gypsum  and  the  carbon- 
ate being  present  as  solid  phases,  and  the  solution  being  in  equi- 
librium with  the  atmospheric  air. 

Table   LXXVII. — Solubility  of  calcium  carbonate  in  aqueous  solutions  of  sodium 
chloride  J  in  contact  with  solid  gypsum,  in  equilibrium  ivith  atmospheric  air. 


CaSO^  per 

CaIIi(rO,), 

NaCl  per 

litvr. 

jMT  lit<^r. 

liter. 

Qrams. 

Oram. 

Qrams. 

I.ff2i« 

0.0(«3 

0.0 

2.72() 

.0724 

3.628 

3.  44(> 

.088.=) 

11.49 

5.156 

.1006 

39.82 

6.424 

.0603 

79.52 

5.272 

.0563 

121.9 

4.786 

.0482 

193.8 

4.462 

.0402 

267.6 

Sodium  chloride  and  sulphate. 

An  excess  of  solid  calcium  carbonate  was  added  to  solutions  con- 
taining varying  quantities  of  sodium  chloride  and  sodium  sulphate, 
and  after  three  months  at  25*^  C,  with  frequent  shaking,  the  solutions 
were  analyzed.  Table  LXXVIII  gives  the  data  obtained  in  this 
work. 

Table   LXXVIII. — Solubility  of  calcium    carbonate  in  mixed  solutions  of  sodium 

chloride  arui  sodium  sulphate  at  -£5°  C. 


,  Density  ^n 


1.21S.5 
1.2113 
1.2115 
1.2380 
1.2378 
1.2427 
1.2.570 
1.2435 
1.2442 
1.2434 
1.2270 
1.2122 
1.20-20 


NaCl  in 
100  c.  V. 


Orams. 

0.00 

1.9() 

6.43 

10.00 

10.07 

14.62 

17.16 

23.90 

27.30 

27.43 

28.32 

30.38 

31.52 


100  grams 


drams. 

0.00 

2.08 

6.93 

10.78 

10.89 

16.07 

19.18 

26.66 

31. 

31. 

32. 


15 
52 
17 


34.87 
35.70 


100  c.  (• 


Qrams. 
26.90 
24.83 
21.67 
19.82 
19. 39 
18.24 
18.43 
11.30 

8. 

8. 

6. 

2. 

0. 


79 

88 

74 

.08 

,00 


i  In— 

^    "  •  ■ 

CuCOa  in 

100  grams 
lf,(). 

100  grams 
iffO. 

Orams. 

Oram. 

28.48 

0.0239 

26.47 

.0192 

23.36 

.0137 

21.37 

.0134 

20.98 

.0137 

20.07 

.0119 

20.74 

.0116 

12.58 

.0044 

10.00 

.0046 

10.20    1 

.0041 

7.65    1 

.0043 

2.35 

.0037 

0.00    , 

.0036 

oBul.  No.  18,  Division  of  Soils,  U.  8.  Dept.  Agr.  (1901),  p.  53. 
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These  figures  are  in  accord  with  the  results  of  Cameron  and  Seidell, 
showing  that  calcium  carbonate  is  more  soluble  in  a  saturated 
sodium  sulphate  solution  than  in  one  saturated  with  sodium  chloride. 
It  will  be  observed  that  as  the  concentration  of  sodium  chloride  in 
solution  increases^  the  quantity  of  calcium  carbonate  decreases. 
The  concentrations  with  respect  to  sodium  chloride  and  sulphate  are 
platted  in  figure  4.  It  has  been  found  also  that  the  presence  of 
calcium  carbonate  in  these  small  amounts  has  not  appreciably 
affected  the  solubility  of  the  more  soluble  chloride  and  sulphate  of 
sodium. 

In  all  these  solutions  calcium  carbonate  was  the  sohd  phase,  and 
not  a  double  compound.  If  a  double  compound  of  two  calcium  salts 
had  been  formed  there 
would  have  been  so- 
dium carbonate  in  so- 
lution which  would 
have  caused  the  solu- 
tions to  show  a  decid- 
ed alkaline  reaction. 
As  the  solutions  were 
but  very  faintly,  if  at 
all,  alkaline,  no  such 
change  could  have 
taken  place.  Further, 
if  a  double  carbonate 
had  resulted,  the  solu- 
tion would  have  been 
rich  in  calcium  salts 
and  as  the  solution  car- 
ried verv  little  lime,  it 
occur. 

Owing  to  the  very  slight  solubility  of  calcium  carbonate  in  solutions 
of  sodium  chloride  and  sodium  sulphate,  it  was  expected  that  the 
presence  of  a  salt  (CaSO^)  with  a  common  ion  would  depress  this 
solubility  even  more.  By  the  same  procedure  as  was  described  in  the 
preceding  paragraph  it  was  demonstrated  that  calcium,  carbonate 
underwent  no  change  in  these  solutions. 

Table  LXXIX.— Solubility  of  calcium  sulphate  and  calcium,  carbonate  in  mixed  solu- 
tions of  sodium  chloride  and  sodium  sulphate  at  25^  C. 


FlQ.  4.- 


MqC/   pmr    lOO    yrom*    M,0 


-Solubility  carves  in  the  syBtem— sodium  Bulph&te, 
dodium  chloride,  and  water  at  25**  C. 


is    apparent  that   such  a  change  did  not 


NaCl  in— 


Density  ^I 


100  c.  c. 


OratM. 

2.76 

5.52 

28.12 


100 


)  grams 
HtO. 


QrarM. 

2.94 

5.03 

32.18 


Na*S04  In— 


100  c.  c. 


100  grams 
HiO. 


Orams. 
23.78    I 
21.97 
8.52 


Qramg. 

25.35 

23.39 

9.50 


lOOg  HiO  contains— 


CaSOi 


Oram. 
0.2290 
.1992 
.0301 


CaCOi 


Oram. 
0.0163 
.0155 
.0065 


SI  76— No.  49—07- 


50 


ACTION    OF   AQUEOUS    SOLUTIONS    ON    CARBONATES. 


Sodium  chloride  and  sodium  sulphate  with  carbon  dioxide. 

The  variance  of  the  system — sodium  sulphate,  sodium  chloride, 
calcium  sulphate,  calcium  carbonate,  and  water  saturated  w4th 
carbon  dioxide — is  not  increased  over  that  of  the  preceding  system  by 
the  addition  of  the  new  component  carbon  dioxide,  if  at  the  same 
time  the  further  condition  is  imposed,  that  the  pressure  of  the  vapor 
phase  equals  atmospheric  pressure.  In  this  case  a  field  will  repre^^ent 
solutions  in  contact  wath  two  solid  phases;  a  boundary  line,  solutions 
in  contact  with  three  solid  phases.  ''Constant"  solutions  will  be  in 
equilibrium  wdth  four  solid  phases. 

For  the  experimental  work  on  this  system  solutions  saturated  with 
either  sodium  sulphate  or  sodium  chloride  were  put  in  contact  wdth  an 
excess  of  calcium  carbonate,  and  the  several  solutions  were  saturated 
with  carbon  dioxide  by  passing  the  gas  under  pressure  into  the  solu- 
tions at  a  low  temperature.  The  bottles  were  then  shaken  at  constant 
temperature,  25®  C,  and  frequently  unstoppered  so  that  the  pressure 
of  the  vapor  phase  was  finally  the  atmospheric  pressure.  In  all  cases 
solid  calcium  sulphate,  either  as  gypsum  or  a  double  sulphate,  was 
found.  Table  .  LXXX  gives  the  analytical  data  obtained  for  this 
system : 

Table  LXXX. — Solubility  of  mixtures  of  calcium,  sulphate  and  calcium  carbonate  in 
mixed  solutions  of  sodium  chloride  and  sodium  sulphate  saturated  uith  carbon  duxtide  at 
atmx>spheric  pressure^  at  25^  C. 


Density 


25' 
25' 


1.2158 
1.2142 
1.2109 
1.2143 
1.2248 
1.2224 
1.2281 
1.2388 
1.2590 
1.2554 
1.2332 
1.2474 
1.2429 
1.2135 
1. 1957 


NaCl  in— 


NajSO^  In— 


100  c.  c. 


Orams. 

0.00 

2.02 

4.00 

6.00 

9.98 

9.95 

11.31 

13.78 

18.67 

IS.  80 

21.46 

27.  78 

28.47 

30.50 

31.14 


100  grams 
H,0. 


100  c.  c. 


100  grams 
HiO. 


Orams. 

^.00 

2.13 

4.28 

7.03 

10.77 

10.75 

12.31 

15.50 

20.40 

21.04 

23.81 

31. 

32. 


70 
73 


34.48 
35.46 


Qrams. 

Qrama. 

25.86 

27.12 

24.23 

25.52 

22.81 

24.22 

21.61 

23.10 

19.53 

21.09 

19.73 

21.32 

19.16 

20.84 

18.72 

20.59 

19.  KO 

21.61 

16.81 

18.81 

11.61 

12.88 

8.70 

9.92 

5.56 

6.26 

2.20 

2.49 

0.00 

0.00 

Calcium  as  I 
calcium  oxide' 
in  100  grams 
HjO. 

Oram. 
0.1430    I 
.1212    I 
.1148 
.1009 
.0812 
.0826 
.0726 
.0673 


.0358 


.0183 
.0291 
.0484 
.0490. 


In  figure  5  the  points  A,  5,  Cj  D  represent  the  ** constant"  solutions 
in  the  simple  case  where  sodium  sulphate  and  sodium  chloride  only 
are  in  solution.  Upon  the  addition  of  calcium  carbonate  and  calcium 
sulphate  the  points  are  displaced  somewhat,  the  new  positions  being 
represented  by  A' ^  B\  C ,  D\  This  figure  has  been  distorted  some- 
w^hat  to  magnify  some  of  the  differences  which  if  drawn  to  scale 
would  not  be  recognizable.  The  quantity  of  lime  salts  in  solution  at 
these  points  is  also  widely  different  and  this  has  been  indicated  by  the 
width  of  the  strip  A  B  CD  D'CB'A',  the  points  B  and  B'  and  the 
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points  Cand  (7,  respectively,  being  close  together.  It  has  been  found 
that  over  a  certain  range  of  concentrations,  represented  in  the  dia- 
gram by  the  field  B*  C  V  E^  gypsum  is  not  the  stable  salt  of  calcium 
but  a  double  sulphate  of  calcium  and  sodium,  3Na2S04.2CaS04.  Thus 
for  every  field  there  are  two  stable  solid  phases,  one  of  which,  calcium 
carbonate,  exists  over  the  w^hole  figure.  The  other  solid  phases  are 
sodium  sulphate  decahydrate,  anhydrous  sodium  sulphate,  sodium 
chloride,  double  sulphate,  and  gypsum  for  the  fields  marked  1,  2,  3,  4, 
and  5,  respectively. 


A' 

^^ 

0 

1^ 

^^^^ 

T\ 

^ 

\ 

\\ 

1 

^ 

^ 

5 

\    ^ 

o" 

^ 

\: 

^A\ 

i 

... 

\K 

.''^^-- 

\x 

T)' 

NoCi    per    100    grants     H2O 

Fig..*).  —Diagram  showing  the  solubility  of  calcium  carbonate  in  solutions  containing  sodium 
chloride  and  sulphate,  saturated  with  carbon  dioxide  at  25^  C. 

Table  LXXXI. — Data  for  constant  solutions  in  tht  system — sodium  chloride,  sodium 
sulphate  J  calcium  sulphate,  calcium  carbonate,  carbon  dioxide,  and  water  at  25°  C. 


Grams  1 

in  100  grams  HiO. 

Point. 

ksuuu  puaoc'n. 

NaCl. 

Na«S04. 

CaO. 

A.... 

0.00 

27.12 

0.1430 

NaiSO4.10niO,  CaS04.2HtO,  and  CaC()|. 

E.... 

15.50 

20.50 

.0673 

NatSO«.10HaO,  CaS04.2II,0,  CaCO>,  and 
2CaS04.3Na«S04. 

B..,. 

20.40 

21.61 

.0360 

NatSO^.lOHsO,  CaCOs,  2CaS04.3NajS04, 
and  NasSO^. 

C  . . . . 

31.70 

9.92 

.0183 

CaCO»,     NaCl,    2CaS04.3NajS04,     and 
Na«S04. 

F.... 

32.73 

6.26 

.0291 

CaCOi.     NaCl,    2CaS04.3NatS04,     and 
CaS04.2HjO. 

P.... 

35.46 

0.00 

.0490 

CaCOj,  NaCl,  and  CaS04.2HjO. 
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Potassium  chloride. 

Cantoni  and  Goguelia  ^  have  determined  the  solubDity  of  calcium 
carbonate  in  solutions  of  potassium  chloride  as  follows: 

Table  LXXXII. — Solubility  of  calduin  carbonate  in  potassiuvi  chloride. 

(Time  of  contract,  08  days  at  12*'-18°  CI 


KCl  in  so- 
lution. 


Per  cent. 
7.45 
10.0 
20.0 


CaCOi  per 
liter. 


Oram. 
0.0748 
.0742 
.0828 


It  will  be  observed  on  comparison  with  Table  LXX  that  potassium 
chloride  has  a  greater  solvent  action  on  calcium  carbonate  than  sodium 
chloride. 

The  following  table  contains  results  recently  obtained  in  this  labo- 
ratory: 

Table  LXXXIII. — Solubility  of  calcium,  carbonate  in  aqueous  solutions  of  potassium 

chloride  at  25^  C. 


25<* 
Density  orc 

KCl  in  solu- 
tion. 

CaCOt  in  so- 
lution. 

Per  cent. 

Per  cent. 

1.000 

0.00 

0.0013 

1.024 

3.90 

.0078 

1.046 

7.23 

.0078 

1.072 

11.10 

.0076 

1.092 

13.82 

.0072 

1.101 

15.49 

.0076 

1.122 

18.21 

.0070 

1.133 

19.84 

.0072 

1.179 

26.00 

.0060 

Potassium  chloride  and  carbon  dioxide. 

The  following  table  shows  that  the  solubility  of  calcium  carbonate 
in  solutions  of  increasing  content  of  potassium  chloride  passes 
through  a  maximum  when  the  solutions  are  saturated  ^dth  carbon 
dioxide : 

Table  LXXXIV. — Solubility  of  calcium,  carbonate  in  aqueous  solutions  of  potassium 
chloride  saturated  with  carbon  dioxide  at  atmospheric  jjressure  at  £6°  C. 


KCl  in  so-     CaCOa  in  I 
lution.        solution.   { 


Per  cent. 

Per  cent. 

3.90 

0.145 

7.23 

.150 

11.10 

.166 

13.82 

.166 

1          15.49 

.167 

18.21 

.154 

19.84 

.140 

26.00 

.  126 

a  Bui.  Soc.  Chlm.  (3),  88, 13  (1905). 
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Potasaium  sulphate. 

The  following  table  contains  results  obtained  in  this  laboratory  on 
the  solubility  of  calcium  carbonate  in  solutions  of  potassium  sul- 
phate at  25°  C. : 

Tabl£  LXXXV. — Solubility  of  calcium  carbonate  in  aqueous  solutions  of  potassium 

sulphate  at  25''  C. 


as*' 

Density  ^o 

K1SO4  in  so- 

CaCO, in  so- 

lution. 

lution. 

Per  cent. 

Per  rent. 

1.010 

1.60 

0.0104 

1.021 

3.15 

.0116 

1.033 

4.73 

.0132 

1.048 

6.06 

.0148 

1.061 

7.86 

.0168 

1.060 

8.88 

.0192 

1.083 

10.18 

.0192 

1.084 

10.48 

.0188 

i 

Potassmm.  sulphate  and  carbon  dioxide. 

When  calcium  carbonate  dissolves  in  water  carrying  carbonic  acid 
and  potassium  sulphate  there  is  formed  in  the  metathetical  reac- 
tion calcium  sulphate.  There  is  enough  potassium  sulphate  and 
calcium  sulphate  in  solution  to  exceed  the  solubility  of  syngenite 
(K,SO4.CaSO4.H20)  and  consequently  above  a  certain  concentration 
of  potassium  sulphate,  syngenite  is  the  stable  solid  and  not  calcium 
carbonate,  all  of  which  passes  into  solution.  The  following  table 
gives  the  percentages  of  sulphuric  acid  and  lime  in  solution  for  various 
points  on  the  calcium  carbonate  and  syngenite  curves: 

Table  LXXXVI. — Solubility  of  calcium  carbonate  in  aqueous  solutions  0/  potassium 
sulphate  saturated  with  carbon  dioxide  at  atmospheric  pressure  at  25^  C. 


SO3  in  so- 

CaO in  so- 

lution. 

lution. 

Per  cent. 

Per  cent. 

0.0 

0.062 

.60 

.69 

1.37 

.60 

1.67 

.47 

2.18 

.30 

2.99 

.24 

Sodium  and  potassiiun  salts  in  g^eneral. 

The  precipitation  of  calcium  carbonate  in  the  cold  is  retarded  or 
prevented  by  solutions  of  the  alkali  salts,  chloride,  sulphate,  nitrate, 
carbonate,  citrate,  and  phosphate,"  if  the  solutions  are  not  too  con- 
centrated. According  to  Dulong  the  alkali  sulphates,  phosphates, 
phosphites,  and  arsenates  decompose  calcium  carbonate  on  boiling. 

aStorer,  Am.  Jour.  Sci.  (2),  35,  41  (1858);  Dulong,  Ann.  Chim.,  82,  273  (1812); 
Spiller,  Jour.  Chem.  Soc,  10,  110  (1858);  Kippenberger,  Zeit.  anorg.  Chem.,  6,  177 
(1894). 
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Sea  water. 

In  a  paper  upon  the  action  of  sea  water  upon  lime  carbonate 
Irvine  and  Young  "  have  included  results  to  show  that  the  solubility 
of  amorphous  calcium  carbonate  in  sea  water  was  much  greater  than 
that  of  crystalline  calcium  carbonate.  One  part  of  amorphous  cal- 
cium carbonate  dissolves  in  1,600  parts  of  sea  water,  while  8,000  parts 
of  sea  water  are  required  to  dissolve  one  part  of  crystalline  calcium 
carbonate. 

The  following  table  contains  the  results  of  Anderson**  upon  the 
relative  solubilities  of  various  forms  of  calcium  carbonate  in  distilled 
water,  in  sea  water,  and  in  water  saturated  with  carbon  dioxide  at 
10"*  to  15°  C. 

Table  LXXXVII. — Solubility  of  carbonate  of  lime  in  distilled  water,  in  sea  water,  and 

in  solution  saturated  with  CO^. 


m 

Distilled  water. 

Gram.        Hours. 
0.0147          120 

Sea  wa 

CaCO,  per 
liter. 

tcr. 

Time. 

Hours. 

47 

120 

Water  saturated 
with  COf. 

CaCOa  per  '  -,.    ^ 
liter          T*™«- 

Calc-spar,  massive 

Oram. 
0.0075 
.0046 
.0000 

Oram.      \  Hours. 
1 

Do 

Do 

0. 0815              24 

Granular 

.1285              24 

Fine  ground 

.2036              24 

TinpftTpRl>l«  powdp.r. ,     , 

.0251 

46 

.0082 
.0052 
.0000 
.0237 
.6100 

47 
120 
396 

96 

. 4720              24 

*d6 * 

Do -- 

Coral « 

Aninrphniifi  rp.r",Oj 

.0285 
.2480 

96 

' 

, 

The  table  shows  that  upon  long  standing  in  contact  with  the 
solvent  the  calcium  carbonate  in  solution  decreases,  indicating  the 
formation  of  a  less  soluble  modification  of  calcium  carbonate.  It  is 
also  shown  that  the  rate  at  which  the  solid  is  dissolved  is  increased 
by  grinding  the  solid  to  a  powder. 

The  solubility  of  calcium  carbonate  in  an  artificial  sea  water  has 
been  determined  by  Cohen  and  Raken*"  by  agitating  the  mixture 
with  a  current  of  air.  After  8  days  at  15°  C,  53.94  milligrams  CaCOj 
were  found  in  one  liter,  and  after  17  days  57.27  milligrams  CaCOg 
per  liter. 

Ammomuxn  fw^lts. 

The  presence  of  ammonium  salts  tends  to  hold  calcium  carbonate 
in  solution,  even  in  the  case  of  the  carbonate  of  ammonium  which 
might  be  expected  to  cause  complete  precipitation  of  calcium  car- 
bonate.    The  solubilitv  of  calcium  carbonate  has  been  shown  to  be 


oProc.  Roy.  Soc.  Edinburgh,  15,  31G  (1888). 
«>Proc.  Roy.  Soc.  Edinburgh,  16,  319  (1889). 

cProc.  K.  Akad.  Wetensch.  Amsterdam,  3,  63  (1900);   abstr.  in  Jour.  Chem.  Soc., 
72  li,  725  (1900). 
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increased  in  the  presence  of  the  chloride,  carbonate,  sulphate,  nitrate, 
acetate,  and  succinate  of  ammonium.**  Bertrand  has  given  the 
amounts  of  different  ammonium  salts  which  are  required  to  hold  in 
solution  1  gram  of  calcium  carbonate,  viz,  13.98  grams  ammonium 
chloride,  8.38  grams  ammonium  sulphate,  and  14.44  grams  ammo- 
nium nitrate,  but  the  absolute  concentrations  are  not  given.  When 
the  solution  of  calcium  carbonate  in  ammonium  chloride  is  heated  to 
boiling  there  is  decomposition  with  the  formation  of  ammonia  and 
carbon  dioxide.''  The  same  decomposition  has  been  shown  in  the 
case  of  the  other  ammonium  salts,  sulphate,  sulphite,  phosphate, 
phosphite,  and  oxalate.*'  On  cooling  the  solutions  of  calcium  car- 
bonate in  ammonium  salts,  the  solid  carbonate  crystallizes  out. 

Calduin  and  mafirnesiuiu  salts. 

Calcium  carbonate  is  soluble  in  dilute  solutions  of  calcium  and 
magnesium  sulphates  and  chlorides.*^  According  to  Hunt  a  solution 
containing  3  or  4  grams  of  magnesium  sulphate  per  liter  will  dissolve 
over  1  gram  of  calcium  carbonate.  It  is  also  soluble  in  calcium 
sucrate.* 

When  calcium  acetate  solution  is  added  to  potassium  carbonate 
solution,  the  precipitate  is  not  calcium  carbonate,  but  a  double  car- 
bonate of  calcium  and  potassium,  CaKjCCOs),.^ 

The  action  of  water  carrying  carbon  dioxide  and  the  chloride  of 
lime  or  magnesia  upon  various  lime  algae  has  been  investigated  by 
Vesterberg.i'  In  the  presence  of  sodium  chloride  relatively  more 
magnesia  is  dissolved  than  in  the  presence  of  calcium  chloride  or  in 
the  presence  of  magnesium  chloride. 

Other  compounds. 

Compounds  which  give  acid  solutions,  such  as  stannic  chloride 
and  the  chloride  or  nitrate  of  iron,  aluminum  or  chromium,  dissolve 
calcium  carbonates  with  the  evolution  of  carbon  dioxide.  As  the 
acidity  is  reduced  the  hydroxide  or  oxide  is  precipitated.  Calcium 
carbonate  is  not  acted  upon  by  concentrated  nitric  acid,'^  for  it  becomes 
coated  with  calcium  nitrate,  which  is  insoluble  in  the  concentrated 
acid.     Upon  the  addition  of  water,  however,  a  brisk  action  begins. 

oWittstein,  Repert.  Pharm.  (2),  7,  18  (1836);  Smith,  PhQ.  Mag.  (3),  9,  542  (1836); 
Brett,  Phil.  Mag.(3),  10, 95  (1837);  Wackenroder,  Ann.  Chem.  Pharm.,  41,  315  (1842); 
Fresenius,  Ann,  Chem.  Pharm.,  69,  117  (1846);  Storer,  Am.  Jour.  Sci.  (2),  26,  41 
(1858);  Bertrand,  Monit.  Sci.  (3),  10,  477  (1880). 

^Demargay,  Ann.  Chim.  (2),  66,  398  (1834);  Schrieb,  Zeit.  angew.  Chem.,  2,  211 
(1889);  Cantoni  and  Goguelia,  Biil.  Soc.  Chim.  (3),  81,  282  (1904);  88,  13  (1905). 

cDulong,  Ann.  Chim.,  82,  273  (1812). 

<^Cou8t^,  Compt.  rend.,  86, 186  (1852);  Hunt,  Am.  Jour.  Sci.  (2),  26, 109  (1858). 

«Barreswill,  Jour.  Pharm.  (3),  19,  330  (1851). 

/Reynolds,  Jour.  Chem.  Soc,  78,  262  (1898). 

ir Bui.  Geol.  Inst.  Upsala,  6,  97  (1900);  6,  254  (1903). 

ABaireswill,  Jour.  Phaim.  (3),  8,  290  (1843). 
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The  rate  at  which  calcium  carbonate  in  the  form  of  Iceland  spar 
is  dissolved  by  acids  has  been  shown  by  Spring  *  to  be  independent  of 
the  chemical  nature  of  inorganic  acids  whose  calcium  salts  are  soluble. 
It  was  also  proved  that  the  velocity  depended  upon  the  surface 
exposed,  and  that  at  low  temperatures  the  rate  was  proportional  to 
the  concentration  of  the  acid. 

In  solutions  of  hydrochloric  and  nitric  acids  in  absolute  ethyl 
alcohol,  calcium  carbonate  is  readily  attacked,  but  not  by  solutions 
of  sulphuric  acid,''  The  same  results  have  been  found  for  solutions 
of  these  acids  in  the  other  organic  solvents,  acetone  and  methyl 
alcohol.^  The  addition  of  water  to  the  sulphuric  acid  mixture 
causes  the  reaction  to  be  very  much  accelerated.  Acetic  acid  acts 
similarly  to  sulphuric  acid.  In  all  these  cases  the  occurrence  of 
chemical  reaction  depends  on  the  solubility  or  insolubility  of  the 
calcium  salt  of  the  acid  in  the  solvent  employed. 

OENERAL   CONCLUSIONS. 

1.  Calcite  is  the  stable  form  of  calcium  carbonate  at  ordinary 
temperatures.  In  concentrated  salt  solutions  or  at  the  higher  con- 
centrations, aragonite  is  probably  the  stable  phase. 

2.  Regarding  the  formation  of  natural  dolomite,  the  literature 
affords  no  satisfactory  explanation.  High  temperatures  and  con- 
centrated solution  seem  to  be  necessary  for  its  formation. 

3.  At  the  low  temperatures  calcium  carbonate  forms  a  hydrate 
with  five  molecules  of  water  of  crystallization. 

4.  The  results  upon  the  solubility  of  calcium  carbonate  in  water 
are  very  discordant,  but  there  is  good  authority  for  the  generalization 
that  it  is  more  soluble  in  hot  water  than  in  cold. 

5.  The  solubility  of  calcium  carbonate  in  water  containing  carbon 
dioxide  increases  as  the  quantity  of  carbon  dioxide  in  solution 
increases. 

6.  The  solubility  of  calcium  carbonate  is  depressed  by  the  addition 
of  caustic  soda  to  the  solution. 

7.  The  caustification  of  sodium  carbonate  by  lime  is  more  com- 
plete in  dilute  solution. 

8.  Calcium  carbonate  forms  with  sodium  carbonate  two  double 
compounds,  whose  stability  dei>ends  on  the  temperature  and  the 
concentration  of  the  solution  with  which  they  are  in  contact. 

9.  The  solubility  of  calcium  carbonate  is  increased  by  addition  of 
sodium  chloride  or  of  sodium  sulphate. 


a  Bui.  Acad.  Roy.  Belg.  (3),  14,  725  (1887);  Bui.  Soc.  Chim.  (3),  8,  177  (1890). 
ftCarette,  Thesis,  LQle,  1900.    See  Valine,  Compt.  rend.,  182,  677  (1901). 
cVallee,  Loc.  cit. 
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10.  When  the  pressure  of  carbon  dioxide  is  one  atmosphere,  the 
solubihty  of  calcium  carbonate  passes  through  a  maximum  upon 
increasing  the  concentration  of  sodium  chloride  in  solution,  both  in 
the  presence  and  absence  of  gypsum.  When  increasing  quantities 
of  sodium  sulphate  are  added,  however,  the  solubility  of  the  carbonate 
constantly  increases. 

11.  The  solubility  of  calcium  carbonate  at  25°  C.  is  about  six  times 
as  great  in  a  saturated  solution  of  sodium  sulphate  as  in  a  saturated 
solution  of  sodium  chloride. 

12.  When  certain  solutions  containing  sodium  sulphate  and  chloride 
are  saturated  with  carbon  dioxide  in  the  presence  of  calcium  carbonate 
a  new  solid  phase  appears,  2CaS04.3Na2S04. 

13.  When  the  pressure  of  carbon  dioxide  is  one  atmosphere,  the 
solubility  of  calcium  carbonate  passes  through  a  maximum  upon 
increasing  the  concentration  of  potassium  chloride  or  sulphate  in 
solution. 

14.  In  the  presence  of  sea  water  the  crystalline  modification  of 
calcium  carbonate  is  more  stable  than  the  amorphous  form. 

15.  In  general  the  presence  of  ammonium  salts  in  solution  increases 
the  solubility  of  calcium  carbonate.  On  heating,  carbon  dioxide  and 
ammonia  escape. 

16.  Calcium  and  magnesium  salts  have  a  solvent  action  upon  cal- 
ciima  carbonate. 

17.  Salt  solutions  which  have  an  acid  reaction  tend  to  dissolve  cal- 
cium carbonate. 

18.  Calcium  carbonate  is  soluble  in  strong  acids,  whose  lime  salts 
are  soluble  in  the  strong  acid. 

MAGNESIA. 
SOLUBILITY   OF    MAGNESIA   IN   WATER. 

The  wide  variations  between  the  results  of  the  various  observers  have 
been  attributed  by  Whipple  aijd  Mayer  to  two  causes — the  solvent 
action  of  carbon  dioxide  dissolved  from  the  air  and  the  action  of  water 
upon  the  glass  vessels  in  which  the  solutions  were  contained.  Water 
reacts  with  many  kinds  of  glass,  dissolving  the  bases;  and  as  some  of 
the  determinations  were  made  by  estimating  the  alkalinity  of  the 
solution,  this  quantity  of  alkali  dissolved  from  the  glass  walls  intro- 
duced very  large  errors.  To  these  two  causes  of  discrepancy  might  be 
added  a  third  probable  source  of  error.  The  presence  of  very  minute 
quantities  of  impurities  in  the  magnesia,  such  as  Hme,  would  introduce 
comparatively  large  errors  into  the  determinations  of  the  solubility  of 
magnesia.  The  foUowing  table  gives  the  results  of  the  various 
observers. 
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Table  LXXXVIII. — Solubility  of  viagnesinvi  hydroxide  in  water. 


liter. 

Temperature. 

OI)ser\'er. 

1 

Milligrams. 

*T. 

250 

15 

Fvfe.a 

250 

15 

irenry.6 

26 

fHot  and  cold.) 

Fresenlus.c  • 

5-10 

(Cold.) 

Bineau.d 

9 

18 

Kohlrauach  and  Roae.*^ 

8 

18 

DuprC*  and  Bialas./ 

12 

22 

Whipple  and  Mayer.^ 

a  Cited  by  Henry,  Jour.  Pharm.,  13,  1  n827). 

bJoiir.  Pharm.,  13,  1  (1827). 

cAnn.  Chera.  Pharm.,  69,  117  (1847). 

rfCompt.  rend.,  41,  510  (1855). 

«Zelt.  phys.  Chem.,  12,    241  (1893). 

/Zeit.  angew.  C^hem.,  1«,  54  (1903). 

^  Jour.  Infectious  Diseases,  Suppl.  No.  2,  151  (1906). 
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The  solubility  of  magnesia  is  given  by  Precht  **  as  16  milligrams  per 
liter  in  water  containing  potash.  The  presence  of  ammonium  salts 
increases  the  solubility  of  magnesia,  even  in  the  presence  of  free 
ammonia.*  When  warm  solutions  of  ammonium  salts  are  decom- 
posed by  magnesia,  ammonia  is  evolved.  Sodium  and  potassium 
salts  act  similarly  in  their  solvent  action  on  magnesia  but  to  a  far  lesser 
degree.^  Maigret  ^  has  recently  investigated  the  solubility  of  magne- 
sia in  a  sodium  chloride  solution  containing  sodium  hydroxide  and 
shows  that  the  presence  of  the  free  base  reduces  the  solubility. 

Table  LXXXIX. — Solubility  of  magnesia  in  sobttions  of  sodium  chloride  containing 

sodium  hydroxide. 


NaCl  per 
liter. 

MgO  per  liter. 

With  0.8 

gram  NaOH 

per  liter. 

Oram. 
0.07 
.045 
.0 

With  4.0 

grams  NaOH 

per  liter. 

Oram. 
0.03 
.0 
.0 

Qrams. 
125 
140 
160 

The  solubility  of  magnesia  is  increased  by  glucose.*  Bernard  ana 
Ehrmann-^  have,  however,  used  the  insolubility  of  magnesia  in  sugar 
solutions  as  a  means  of  separating  lime  and  magnesia.     The  following 

oZeit.  anaL  Chem.,  18,  439  (1879). 

&  Warington,  Jour.  Chem.  Soc,  18,  27  (1865);  Lov^n,  Zeit.  anorg.  Chem.,  11,  404 
(1896);  Treadwell,  Zeit.  jinorg.  Chem.,  37,  326  (1903);  Herz  and  Muhs,  Zeit.  anorg. 
Chem.,  38, 138  (1904). 

cWarington,  Jour.  Chem.  Soc,  18,  27  (1865). 

''BuL  Soc.  Chim.  (3),  33,  631  (1905). 

«Fleury,  Jour.  Pharm.  (4),  28,  400  (1878).. 

/  Compt.  rend.,  83, 1239  (1876). 
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table  of  Herz  and  Muhs  *  gives  the  solubility  of  magnesium  hydroxide 
in  solutions  containing  ammonium  salts: 

Table  XC. — Solubility  of  magnesia  in  ammonium  salt  solutions  at  29^   C. 


NlliCl      I  Mg(On)«      NH^NOa      Mg(OH)i 
per  liter.      per  liter.      per  liter.      per  liter. 


1 

Qramt. 

Orams. 

4.13 

1.43 

6.67 

1.86 

9.21 

2.60 

13.39 

3.15 

20.86 

4.65 

GravM. 

6.09 

14.69 


Qrama. 
1.45 
2.43 


When  recently  ignited  magnesia  is  added  to  a  concentrated  solu- 
tion of  magnesium  chloride  a  very  thick  mass  is  formed  which  accord- 
ing to  Sorel^  is  composed  of  an  oxy chloride  of  magnesium.  Bender^ 
has  given  it  the  formula  MgClj.5Mg0.17H,0,  Davis  "^  the  formula 
MgClj.SMgO.lSHjO,  and  Krause  *  the  formula  MgCl,.10MgO.14H,O 
when  dried  at  110°,  and  MgCl^-lOMgO-lSlI^O  when  air  dried. 
Andrfi-^  has  foimd  the  heat  of  formation  of  the  following  oxychlorides, 
MgCl^.ilgO.ieHjO,  MgCl,.]Mg0.6H,0,  MgCl,.10MgO.13HjO,  and 
MgCl^.lOMgO.ieHjO.  The  following  crystalline  basic  bromides  of 
magnesium  have  been  prepared  by  Tassilly,^  MgBrj.3Mg0.12H20, 
MgBrj.SMgO.eH^O. 

GENERAL   CONCLUSIONS. 

1.  The  various  determinations  of  the  solubility  of  magnesia  in 
water  are  not  in  accord.  The  modem  writers,  however,  agree  that 
this  solubility  is  about  10  milligrams  per  liter  at  20°  C. 

2.  The  solubiUty  of  magnesia  is  augmented  by  various  salts,  includ- 
ing magnesium  salts,  but  is  depressed  by  caustic  alkalies. 

3.  Several  basic  chlorides  and  bromides  of  magnesium  have  been 
recorded  in  the  literature,  and  are  obtained  by  adding  magnesia  to  a 
solution  of  the  chloride  or  bromide  of  magnesium. 

MAQNESIXTM  CABBONATE. 
MODIFICATIONS    AND   HYDRATES   OF   MAGNESIUM   CARBONATE. 

The  mineral  magnesite  is  probably  insoluble  in  water  ^  and  is  not 
affected  by  boiling  with  water  or  aqueous  solutions  of  alkaline  carbo- 
nates.    Artificial  magnesium  carbonate  has  been  prepared  by  Engel  * 

a  Zeit.  anorg.  Chem.,  38,  140  (1904). 

6  Compt.  rend.,  65, 102  (1867). 

c  Ann.  Chem.  Pharm.,  159,  341  (1871). 

d  Chem.  News,  25,  268  (1872). 

«  Ann.  Chem.  Pharm.,  165,  38  (1873). 

/Compt.  rend.,  94,  444  (1882). 

9  Compt.  rend.,  125,  605  (1897);  Bui.  Soc.  Chim.  (3),  17,  964  (1897). 

*  See  Davis,  Jour.  Soc.  Chem.  Ind.,  25, 788  (1906). 

iCompt.  rend.,  129,  598  (1899). 
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by  heating  to  130°  C.  the  double  carbonate  of  magnesium  and  am- 
monium. This  anhydrous  magnesium  carbonate  '^  slakes '^  in  moist 
air,  being  easily  converted  into  the  hydrated  form  MgCOg.SHjO.  On 
account  of  its  behavior  when  heated  Davis  has  given  it  the  formula 
(MgOH)(HC03).2HjO,  2  molecules  of  water  being  lost  when  the 
compound  is  heated  to  95°  or  100°  C,  at  which  temperature  the 
substance  becomes  constant  in  weight  as  soon  as  the  composition 
Mg(X)3.H,0  or  (MgOII) (HCO3)  is  reached.  At  125°  C.  the  rate  of 
change  is  very  much  more  rapid.  This  same  change  can  be  brought 
about  by  heating  the  compound  (MgOH)(HC03).2H,0  with  xylene, 
the  water  which  is  liberated  being  removed  as  fast  as  it  is  formed 
and  consequently  hydrolysis  of  the  salt  can  not  ensue. 

By  heating  the  above  compound  with  water,  however,  a  product 
is  obtained  of  widely  varying  composition,  depending  upon  the  time 
and  upon  the  temperature.     The  product  has  been  considered  as  a 
basic  carbonate  of  magnesium.     Davis,  however,  by  a  microscopical 
examination  has  proved  that  it  is  in  all  cases  a  mixture  of  two  soUd 
phases  and  not  a  single  compound.     As  the  dehydration  of  the  com- 
pound (MgOH)(HC03).2H,0  requires  considerable  time  and  as  the 
equilibrium  between  the  compoimd  (MgOH)(HC03)  and  the  hydrox- 
ide of  magnesium  is  reached  but  slowly,  the  solid  residue  was  found 
to  consist  of  two  and  often  three  solid  phases,  indicating  that  equilib- 
rium had  not  been  attained.     The  two  reactions  may  be  written: 
(MgOH)  (HC03).2H,0  =  (MgOH)  (HCO3)  +  2H,0, 
(MgOH)  (HCO3)  =  Mg(OH),  +  CO,.      ^ 
The  solid  phases  consisted  of  the  two  hydrates  of  magnesium  car- 
bonate and  of  magnesium  hydroxide. 

When  a  magnesium  salt  is  precipitated  by  means  of  a  solution  of  an 
alkaline  carbonate,  a  basic  carbonate,  or  a  double  carbonate  may 
first  be  formed,  but  experiments  by  Berzelius,**  Fritsche,*  Favre,*^ 
Jacquelain, ''  and  Rose  ^  have  proved  that  upon  standing  for  several 
days  the  precipitate  becomes  crystalline  and  corresponds  to  the 
fommla  MgCOs.3H,0.  Kjppenberger^  has  ascribed  the  formula 
MgC03.VH20  to  this  compound  and  Marignac^  and  Damour'^have 
obtained  MgC03.4H,0. 

a  Ann.  Chim.  Phys.  (2),  14,  363  (1820). 
ft  Ann.  Phye.  Chem.,  37,  304  (1836). 
c  Ann.  Chim.  Phys.  (3),  10,  474  (1844). 
^Arin.  Chim.  Phys.  (3),  82,  195  (1851). 
«Ann.  Phys.  Chem.,  84,  461  (1851). 
/Zeit.  anorg.  Chem.,  6, 177  (1894). 
aCompt.  rend.,  42,  288  (1856). 
^Compt.  rend.,  44,  561  (1857). 
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DOUBLE   CARBONATES   CONTAINING   MAGNESIUM    CARBONATE. 

When  carbon  dioxide  is  passed  into  a  suspension  of  magnesia  to 
saturation  the  solution  contains  10.7  grams  of  magnesia  (MgO)  in 
one  liter  and  when  an  equal  volume  of  95  per  cent  alcohol  is  added  a 
precipitate  of  magnesium  carbonate  forms,  MgCOa-SHjO.** 

By  mixing  solutions  of  a  soluble  magnesium  salt  with  a  solution 
of  an  alkaline  carbonate  various  compounds  have  been  obtained:* 
K,C03.aigC03.4H,0,  KHC03.MgCO,.8H,0,  Na^COa.MgCO,,  and 
NajCOjMgCOa.lSHjO.  Kippenberger*^  has  shown  that  the  precipi- 
tate obtained  by  mixing  sodium  carbonate  and  magnesium  sulphate 
in  equimolecular  proportions  is  soluble  in  the  alkaline  bicarbonates. 
After  several  hours,  however,  the  hydrated  magnesium  carbonate 
separates  in  large  crystals  and  the  quantity  of  magnesium  carbonate 
in  solution  decreases  after  several  days.  Freshly  precipitated  mag- 
nesium carbonate  is  soluble  in  magnesium  chloride  and  in  magnesium 
sulphate  solutions. 

The  double  carbonates  of  sodium  and  magnesium  undergo  decom- 
position upon  heating  in  water,  sodium  carbonate  passing  into  solu- 
tion and  the  solid  residue  consisting  of  a  mixture  of  magnesium 
hydroxide  and  carbonate.**  It  is  difficult,  however,  to  remove  the 
last  traces  of  the  alkali  from  the  solid,  even  by  boiling,  and  in  order  to 
obtain  pure  magnesium  carbonate  Davis  has  dissolved  the  soUd 
residue  in  water  saturated  with  carbon  dioxide  and  then  boiled  off 
the  carbon  dioxide,  leaving  a  residue  free  from  traces  of  sodium  salts. 

SOLUBILITY  OF  MAGNESIUM  CARBONATE  IN  AQUEOUS  SOLUTIONS. 

Carbon  dioxide. 

Owing  to  the  slow  transformation  of  one  modification  into  another, 
the  solubility  of  magnesium  carbonate  in  water  and  in  aqueous 
solutions  depends  upon  the  source  of  the  solid  employed  and  on  the 
time  of  contact.  Engel*  has  given  the  results  of  Beckurts  and  of 
Bineau,  who  undoubtedly  worked  with  widely  different  samples  and 
under  different  conditions.  One  liter  of  water  saturated  with  carbon 
dioxide  dissolves  1.31  grams  magnesium  carbonate  according  to 
Wagner  and  Merckel,  8.39  grams  according  to  Beckurts,  and  23.3 
grams  according  to  Bineau.  The  following  table  gives  the  results  of 
Wagner  and  Merckel,^  who  found  the  effect  of  increasing  the  quantity 
of  carbon  dioxide  in  solution: 


aMonhaupt,  Chem.  Zeit.,  28,  868  (1904). 

&See  Graham-Otto,  Lehrbuch  anorg.  Chem.,  5th  edn.,  Ill,  730-753. 

cZeit.  anoi^.  Chem.,  6, 177  (1894). 

<* Davis,  loc.  cit. 

«  Ann.  Chim.  Phys.  (6),  18,  344  (1888). 

/Jour,  prakt.  Chem.,  102,  233  (1867). 
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Table  XCI. — Solubility  of  magnesium  carbonate  in  water  saturated  with  carbon  dioxide 

at  5°  a 


Preesurp. 

MgCOa  per 
liter. 

Aimotpheres. 

Qrama. 

1 

1.31 

2 

1.34 

3 

7.46 

4 

Q.a3 

5 

ao9 

6 

13.15 

Engel  and  Ville  **  have  also  found  that  by  increasing  the  pressure 
of  the  carbon  dioxide  and  by  decreasing  the  temperature  the  quantity 
of  magnesium  carbonate  in  solution  increased. 

Table  XCI  I. — Solubility   of  magnesium    carbonate  in  water  saturated  with  carbon 

dioxide  at  various  pressures  (Engel  and  Ville). 


T-19 

Pressure. 

Atmos- 

phereg. 

1 

2.1 

3.2 

4.7 

6.6 

6.2 

7.5 

9.0 

T-12°C. 


MgCOa 
per  liter. 


Oram*. 
25.79 
33.11 
37.30 
43.50 
46.20 
48.50 
51.20 
56.59 


Pressure. 


Atmos- 
pheres. 

0.5 

1 

1.5 

2 

2.5 

3 

4 

6 


MgCO, 
per  litor. 


Qrams. 
20.5 
26.5 
31.0 
34.0 
36.-4 
39.0 
42.8 
50.6 


.1 


Table  XCIII. — Solubility  of  magnesium   carbonate  in  water  saturated  with  carbon 
dioxide  at  various  temperatures.     Pressure  =  /  atmosphere  {Engel  and  Ville). 


Tempera- 

MgCO, 

ture. 

1  per  liter. 

°C. 

Orams. 

13.4 

28.45 

19.5 

25.79 

29.3 

21.95 

46.0 

15.7 

62.0 

10.35 

70.0 

8.1 

82.0 

4.9 

90.0 

2.4 

100.0 

0.0 

Table  XCIV. — Solubility  of  magnesium  carbonate  in  water  saturated  u^ith  carbon  dioxide 

at  various  temperatures.     Pressure  =^1  atmosphere  {Engel). 


I— 


Tempera- 

MgCOg per 

ture. 

liter. 

T. 

Orams. 

3.5 

36.5 

12.0 

26.5 

18.0 

22.1 

22.0 

20.0 

30.0 

15.8 

40.0 

11.8 

50.0 

9.5 

aCompt.  rend.,  »8,  340  (1881);  pee  also  Engel,  Compt.  rend.,  100,  444  (1885);  Ann.  Chim.  Phys.  (6), 

18,344(1888;. 
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Bodlander  ^  has  attempted  to  obtain  a  formula  of  the  same  form  as 
that  derived  to  express  the  solubihty  of  calcium  carbonate  in  water 
containing  carbon  dioxide,  but  has  found  it  necessary  to  assume  the 
presence  of  ions  in  solution  of  the  form  (MgC03)nMgOH. 

Finally,  Treadwell  and  Reuter  *  have  shown  that  at  the  lower 
concentrations  there  is  less  carbon  dioxide  in  solution  than  corresponds 
to  the  formula  MgH2(C03)2,  a  conclusion  which  has  been  confirmed 
by  Rinne.*^     These  results  are  shown  in  the  following  table: 

Tablb  XCV. — Solubility  of  magnesium  carbonate  in  water  containing  carbon  dioxide  at 

1'^  to  15°  C.  (average,  14"*  C). 


Partial  pres-    CO,  per  100  '  ^^S'i??!^' 
sure  of  CO,,    e.c.  solution.,  ^^y^i^^^^ 


MgCOa  per 
100  c.  c. 
solution. 


Millimeters. 

143.3 

41.6 

33.8 

11.7 

10.3 

8.2 

4.7 

4.6 

2.5 

1.6 

1.1 

0.3 


Milligrams.     Milligrams.  I  Milligrams. 


119.0 

86.6 

3.5 


1,210.5 
1,210.5 
1,210.5 
1,076.6 
762.9 
595.2 
366.3 
341.7 
263.2 
222.9 
216.9 
203.6 
203.3 
196.0 
203.6 
195.4 
195.4 


77.3 
76.5 
80.7 
70.1 
76.8 
74.8 
77.1 
71.0 


71. 
68. 
70. 
62. 


61.6 
64.1 


Rinne  **  has  boiled  a  solution  of  magnesium  carbonate  in  water 
containing  carbon  dioxide  for  several  hours,  and  found  that  the 
quantity  of  magnesia  in  solution  constantly  decreased. 

Sodium  cliloride. 

The  solubility  of  magnesium  carbonate  in  various  aqueous  solutions 
of  sodium  salts  has  been  recorded  by  Cameron  and  Seidell.* 

Table  XCVI. — Solubility  of  magnesium  carbonate  in  solutions  of  sodium  chloride  free  of 

carbon  dioxide. 


Weight  of 
liter  solu- 
tion. 

NaCl    ' 
per  liter. 

MgCO, 
per  liter. 

Orams. 

Orams. 

Oram. 

996.92 

0.0 

0.176 

1,016.82 

28.0 

.418 

1,041.09 

69.5 

.527 

106.3 

.585 

1.094. 53 

147.4 

nAA 

1,142.48 

231.1 

.460 

1,170.14 

272.9 

.393 

1,199.28 

331.4 

.293 

aZeit.  phys.  Chem.,  85.  23  (1900). 

tZeit.  anorg.  Chem.,  17,  170  (1898). 

eChem.  Zeit.,  81,  125  (1907). 

<*  Loc.  cit. 

« Jour.  Phys.  Chem.,  7,  578  (1903). 
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Sodium  chloride  and  carbon  dioxide. 

Table  XCVII. — Solubility  of  Tnagnenum  carbonate  in  solutions  of  sodium  chloride 

saturated  uKtk  atmospheric  air  at  25^  C. 


NaCl  per 

Mg(nCOi) 

liter. 

per  liter. 

Chams. 

Oramt. 

7.0 

30.54 

56.5 

30.18 

119.7 

27.88 

163.9 

24.96 

224.8 

20.78 

306.6 

10.75 

Sodium  Bulphate. 

Table  XCVIII. — Solubility  of  magnesium  carbonate  in  solutions  of  sodium  sulphate 

free  of  carbo7i  dioxide. 


24*  c. 


Z5°  C. 


Weight  of 
liter  solu- 
tion. 


Orams. 
997.52 
1,021.24 
1,047.60 
1,080.95 
1,133.85 
1,157.34 
1,206.03 
1,223.91 
1,241.99 


NatSOi 

MgCO, 

Weight  per 
liter  solu- 
tion. 

Orams, 

NatSO* 

MgCO. 

>er  liter. 

per  liter. 
Orams. 

per  liter. 

per  liter. 

Orams. 

Orams. 

Orams. 

0.0 

0.216 

995.15 

0.32 

0.131 

25.12 

.586 

1,032.89 

41.84 

.577 

54.76 

.828 

1,067.23 

81.84 

.753 

95.68 

1.020 

l,094.n 

116.56 

.904 

160.80 

1.230 

1,120.38 

148.56 

.962 

191.90 

1.280 

1,151.70 

186.7 

1.047 

254.60 

i.sas 

1,179.82 

224.0 

1.088 

278.50 

1.338 

1,196.32 

247.2 

1.110 

3a5.10 

1.388 

1,236.52 

299.2 

1.130 

GENERAL   CONCLUSIONS. 

1.  Magnesium  carbonate  forms  several  hydrates,  each  of  which 
is  stable  within  limits  of  concentration  and  temperature. 

2.  Magnesium  carbonate  forms  several  double  compounds  with 
the  alkali  carbonates. 

3.  The  solubility  of  magnesium  carbonate  is  greatly  increased 
by  the  addition  of  carbon  dioxide  to  the  solution,  the  solubility  being 
less  at  the  higher  temperatures. 

4.  The  solubility  of  magnesium  carbonate  passes  through  a  maxi- 
mum as  the  concentration  of  sodium  chloride  increases,  but  in  the 
presence  of  carbon  dioxide  this  solubility  is  depressed  by  addition  of 
sodium  chloride. 

5.  The  solubiUty  in  solutions  of  sodium  sulphate  is  increased  by 
increasing  the  concentration  of  the  latter. 
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MOISTURE  CONTENT  AND  PHYSICAL  CONDITION  OF  SOILS. 


INTEODITCTION. 

It  is  generally  recognized  that  the  physical  properties  of  a  soil 
determining  crop  adaptation  and  growth  are  moisture  supply,  "aera- 
tion, temperature,  texture  and  structure,  and  "  physical  condition." 
Under  these  heads  fall  practically  all  physical  investigations  on  the 
soil.  Of  course  "  physical  condition  "  is  by  far  the  most  important 
in  practice,  because  it  is  the  one  factor  directly  under  the  control 
of  the  agriculturist,  such  control  of  the  others  as  may  be  possible 
being  usually  but  incidental  to  control  of  the  last.  Everyone  who 
has  had  any  experience  can  judge  with  comparative  readiness  as  to 
whether  a  soil  is  in  good  or  poor  physitxal  condition.  .  But  apparently 
no  two  observers  will  agree  entirely  as  to  the  basis  of  their  judg- 
ments. It  is  said  that  a  soil  in  good  physical  condition  must  be 
loose,  friable,  loamy,  have  a  cnimb  structure,  work  well,  have  a  "  live  " 
look,  etc.,  properties  which  are  sufficiently  definite  to  be  recognized 
readily,  but  which  are  not  susceptible  of  exact  measurement  and 
quantitative  expression.  It  is  evident  that  a  comparison  of  soils  as 
to  their  physical  condition  is  mainly  a  matter  of  individual  judg- 
ment, subject  to  the  limitations  and  errors  of  a  personal  equation; 
and  while  physical  condition  is  the  most  readily  under  practical 
control,  paradoxical  as  it  may  seem,  it  is  the  most  difficult  of  soil 
properties  to  study.  This  is  because  the  concept  or  idea  of  "  physi- 
cal condition  "  is  a  summation  of  a  number  of  properties  rather  than 
any  one  property,  and  because  no  satisfactory  method  of  measuring 
this  sum  has  yet  been  devised.  Nevertheless,  much  can  be  done  to 
advance  our  knowledge  of  this  important  subject  by  studies  in  the 
field  and,  especially,  in  the  laboratory. 

In  the  present  bulletin  are  given  the  results  of  an  investigation  on 
the  relation  of  physical  condition  to  moisture  content,  in  which  the 
soils  were  put  into  different  states  with  different  amounts  of  water 
present  and  then  subjected  to  various  physical  tests  yielding  meas- 
urable results.  In  this  work  the  judgment  of  several  experienced 
greenhouse  men  was  available  for  determining  the  physical  condition 
of  the  samples  before  and  after  the  several  measurements  were  made. 
It  has  been  found  that  the  physical  condition  of  the  soil  is  connected 
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in  the  most  intimate  way  with  its  water  content.  Not  only  is  this 
true  of  its  general  behavior  and  appearance,  its  "  workability,''  etc., 
but  systematic  quantitative  measurements  on  penetrability,  volume 
changes,  apparent  specific  gravity,  and  rate  of  evaporation  showed  a 
direct  dependence  on  the  water  content.  All  these  properties  varied 
regularly  with  regular  change  in  the  water  content  when  the  sample 
was  in  the  best  possible  physical  condition  obtainable  with  any  given 
water  content. 

One  particular  water  content  has  been  given  special  consideration. 
It  is  perfectly  well  known  to  agriculturists  generally  and  greenhouse 
men  especially  that  there  is  a  particular  water  content  (or  perhaps  a 
more  or  less  narrow  range  of  water  content)  differing  with  each  soil 
at  which  plants  grow  best,  other  conditions  being  the  same.  This  is 
popularly  known  as  the  "  optimum  "  water  content,  and  is  supposed 
to  be  that  content  from  which  plants  draw  most  readily  their  needed 
supply ;  in  other  words,  the  optimum  water  content  is  supposed  to  be 
determined  by  the  physiological  necessities  of  the  plant  rather  than 
by  the  physical  properties  of  the  soil.  There  are  difficulties,  however, 
for  which  this  view  fails  to  offer  sufficient  and  satisfactory  explana- 
tion. Plants  can  do  quite  well  in  soils  containing  considerably  less 
than  the  optimum  water  content,  other  conditions  being  favorable. 
That  is  to  say,  there  is  no  decided  or  sharp  falling  off  in  the  plant 
growth  corresponding  with  a  lowering  of  the  water  content  until  the 
drought  limit  is  approached,  a  limit  generally  much  below  the 
"  optimum ;  '^  and,  on  the  other  hand,  there  is  no  especial  difficulty  in 
carrying  some  of  our  common  crops  to  a  satisfactory  maturity  in 
water  cultures.  The  investigation  described  in  the  following  pages 
shows  conclusively  not  only  that  physical  condition  and  the  several 
properties  on  which  it  depends  have  an  intimate  relation  with  the 
water  content  of  the  soil,  but  that  there  is  marked  accentuation  in 
these  properties  at  a  critical  water  content ;  and  that  this  critical  con- 
tent is  identical  with  the  optimum  water  content.  The  moisture- 
penetration  curve  shows  a  minimum  force  required  for  penetration  at 
the  optimum  water  content;  the  moisture-apparent  specific  gravity^ 
curve  shows  a  minimum  point  at  the  optimum  water  content;  the 
curves  for  evaporation  show  a  marked  difference  in  the  rate  of  evapo- 
ration above  and  below  the  optimum  water  content.  It  is  apparent, 
therefore,  that  the  true  significance  of  optimum  water  content  is  that 
particular  content  at  which  the  soil  can  be  put  into  the  best  possible 
condition  for  plant  growth.  The  plant  can  then  best  draw  its  needed 
water  from  the  soil  because  all  the  other  factors  making  for  good 
growth  are  also  at  their  best.  Moreover,  an  increase  in  water  content 
in  excess#of  the  optimum  generally  produces  a  greater  detrimental 
effect  on  the  plant  than  a  decrease  below  the  optimum. 


INTRODUCTION.  .  V 

Furthermore,  it  should  be  borne  in  mind  that  practical  men  in 
bringing  a  soil  to  optimum  water  content  judge  when  this  point  is 
reached  by  the  appearance  and  "  feel "  of  the  soil ;  i.  e.,  by  the  phys- 
ical condition  into  which  it  can  be  brought,  and  not  directly  by  any 
plant  phenomenon.  There  is  a  widespread  impression  that  the  opti- 
mum water  content  for  any  one  soil  varies  for  different  plants.  That 
is,  the  physiological  optimum,  as  determined  by  the  plant,  may  not 
coincide  with  the  physical  optimum,  as  determined  by  the  soil  proper- 
ties." While  this  may  be  true  for  certain  exceptional  cases,  it  is  erro- 
neous as  regards  the  majority  of  common  field  crops,  since  the  water 
content  that  makes  for  the  best  physical  condition  of  the  soil  is  as  a 
necessary  consequence  the  best  for  plant  growth.  Other  evidence 
from  experiments  on  wilting  will  be  given  in  detail  in  support  of  this 
view.  The  available  evidence  seems  to  be  conclusive  that  the  problem 
of  water  supply  and  optimum  water  content  is  fundamentally  a  soil 
problem  and  incidentally  a  plant  problem. 

Another  point  which  this  investigation  has  brought  out  in  a  strik- 
ing  way  is  the  «  hysteresis  »  observable  in  the  volume  change  when  a 
soil  is  alternately  wetted  and  dried  out.  This  process  results  in  a 
natural  packing  of  the  soil  and  is  seriously  detrimental  to  the  mainte- 
nance of  good  tilth  if  the  extremes  of  moisture  content  reached  are 
wide  apart.  The  causes  for  and  mechanism  of  this  process  have  been 
made  clear  by  the  experiments  here  recorded. 

The  importance  in  general  farming  of  having  a  proper  moisture 
content  in  the  soil  before  plowing  or  other  cultural  operations  is  well 
known,  although  not  always  so  well  observed.  It  is  regrettably  com- 
mon to  find  cases  where  the  soil  has  been  worked  while  too  dry,  and 
even  more  so  are  the  cases  where  a  soil  has  been  worked  while  too 
wet,  entailing  disastrous  results,  requiring  even  years  for  rectifica- 
tion. These  latter  are  the  most  ba£9ing  cases  which  the  soil  expert 
encounters. 

The  usual  practice  in  irrigation  gardening  and  greenhouse  work  of 
adding  an  excessive  amount  of  water,  so  as  to  be  on  the  '^  safe  side," 
is  far  from^the  ideal  soil  management,  and  the  working  out  of  a  better 
and  at  the  same  time  an  economical  system  of  maintaining  the  water 
content  constant,  or  approximately  so,  should  be  the  aim  of  practical 
workers  in  these  fields.  It  is' believed  that  the  data  brought  out  in 
this  bulletin  will  be  of  materiaLassistance  in  understanding  the  phe- 
nomena involved  in  these  difficult  practical  problems  and  in  devising 
methods  for  the  treatment  and  amelioration  of  lands  which  have  been 
improperly  handled. 

In  the  course  of  this  investigation  a  number  of  special  methods 
and  forms  of  apparatus  were  devised  which  it  is  believed  will  have  a 
value  not  only  for  future  investigation,  but  as  a  desirable  part  of  the 
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equipment  of  a  laboratory  for  student  work.  It  has  been  deemed 
well,  therefore,  to  give  quite  complete  and  detailed  descriptions,  and 
to  this  end  the  methods  and  apparatus  are  described  and  illustrated  in 
a  special  chapter  at  the  end  of  the  bulletin,  and  only  brief  references 
'  to  them  are  given  in  the  text  describing  the  investigations. 

PENETBATION  AND  COHESION. 

PBEVI0U6  WOBK. 

A>  property  of  the  soil  of  recognized  agricultural  importance  is 
cohesion^  or  the  force  with  which  the  soil  particles  cling  one  to  an- 
other. The  previous  work  on  jjenetfation  has  been  usually  incidental 
to  investigations  of  cohesion.  This  property  has  been  studied  because 
it  is  a  determining  factor  of  the  ease  of  tillage  and  because  it  gives 
a  measure  of  the  physical  condition  of  the  soil  and  its  variation  under 
different  treatments.  In  these  studies  two  methods  have  bepn  em- 
ployed. In  the  one  the  crushing  strength  of  cylinders  of  soil  has  been 
taken  as  a  measure  of  the  binding  together,  or  cohesion,  of  the  soil 
particles;  in  the  other  the  "  firmness  "  of  the  soil,  which  is  due  to 
its  cohesion,  has  been  determined  by  the  resistance  offered  to  the  in- 
troduction of  a  sharp  instrument.  These  latter  investigations  have 
been  regarded  of  especial  value  in  showing  the  relative  resistance  of 
different  types  of  soils  to  tillage  and  root  penetration. 

Volker"  applied  the  penetration  method  to  actual  measurements  in 
the  field,  w^ithout,  however,  obtaining  definite  results.  A  penetration 
method  was  used  by  Meyer  ^  in  which  four  pegs  fastened  to  the 
corners  of  a  square  were  forced  a  definite  distance  into  the  soil  by 
weights  placed  on  the  square  surface.  The  crushing  method  was  used 
in  an  investigation  by  Schiibler,^  who  molded  damp  samples  of  soil 
into  rectangular  prisms.  The  samples  were  then  either  allowed  to 
dry  in  the  form  or  w-ere  removed  while  still  damp  and  dried'  in  the 
air  or  at  a  high  temperature.  The  apparatus  used  to  determine  the 
crushing  strength  of  the  samples  consisted  of  a  beani  supported  on 
a  fulcrum  about  one-third  the  distance  from  one  end.  On  the  long 
arm  of  this  lever  was  hung  a  scale  pan  to  which  weights  could  be 
added  gradually.  At  the  opposite  end  of  the  beam  was  a  counterpoise 
that  balanced  the  scale  pan  and  beam.  On  the  long  arm,  a  short 
distance  from  the  fulcrum,  a  blade  was  fastened,  free  to  move  in  the 
vertical  plane  of  the  beam.  The  dried  soil  sample  was  placed  under 
this  blade  and  weights  added  to  the  scale  pan  until  the  soil  was 
either  cut  or  crushed  by  the  knife.    The  weight  added  was  taken  to 

oNeue  Moglinische  Annalen  der  Landwirtscbaft,  4,  119  (1818)  ;  ref.  In  Puch- 

ner,  Forsch.  auf  dcm  Geb.  Agr.-Phys.,  12,  196  (1889). 

ftAnlage  zur  Flora  des  Konigrelchs  Hannover  (Gottingen),  .307  (1822). 

<^Grundsatze  der  Agrikulturchemie,  Leipzig,  2,  74  (1838). 
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represent  the  cohesion  of  the  soil.  The  highest  absolute  cohesion 
vahie,  that  for  pure  clay,  was  taken  as  100  and  the  other  measurements 
compared  with  this.  The  series  of  relative  values  obtained  for  the 
different  soils  is  shown  in  Table  I. 

Table  I. — CohenUtn  of  dry  soils,  according  to  Schiihler. 


Soil. 


Pure  clay  (kaolin) 

Clay  soil 

Fertile  clay 

Barren  clay 

Hofirylsoil 

Jura  soil 


Cohesion 

of  dry 
soil  com- 
pared to 
clay. 

1 

100.0 
83.3 
68.6 
57.3 
33.0 
2*2.0 


Soil. 


Humufl 

Garden  soil 

Gypmim 

CalcHreous  aoil . 
CalcareoiiH  8and , 
Quartz  sand 


Cohesion 

of  dry 
soil  com- 
pared to 
clay. 


8.7 
7.6 
7.3 
f).0 
.0 
.0 


This  table  shows  that  clay  in  the  dry  form  has  a  relatively  high 
cohesion,  while  humus  and  lime  soils  are  low,  and  sand  does  not  bind 
together  at  all.  By  comparing  some  of  the  values  obtained  for  the 
above  soils  with  their  mechanical  analyses  it  w^as  shown  that  in  the 
clay  soils  the  presence  of  humus  or  sand  greatly  reduces  the  cohesion. 

This  method  is  of  interest  in  .showing  the  binding  qualities  of 
very  dry  soils,  yet  it  is  open  to  the  objection  that  the  results  obtained 
by  it  do  not  give  reliable  data  for  soils  under  ordinary  cultural  con- 
ditiolis.  It  is  rare  for  field  soils  to  dry  out-  to  an  extent  comparable 
with  the  condition  reached  in  this  method;  and  it  will  he  pointed 
out  later  that  the  relative  values  for  the  cohesion  of  different  soils 
vary  with  the  quantity  of  water  present.  The  table  shows  further 
that  the  cohesion  value  of  sand  is  zero,  which  means  that  in  drying 
out  the  sand  samples  did  not  retain  their  form.  If  the  measure- 
ments are  to  give  a  basis  of  comparison  for  the  ease  of  working  the 
soils  in  the  field,  such  a  value  is  of  course  meaningless.  A  method 
which  depends  on  an  unsupported  soil  column  is  evidently  too  wide 
a  departure  from  field  conditions. 

It  is  apparent  that  measurements  of  soil  cohesion  are  not  of  great 
agricultural  interest  unless  they  take  into  account  the  variable  quan- 
tity of  water  in  a  soil  at  different  times,  since  this  quantity  plays  a 
most  important  role  in  determining  all  of  its  physical  properties. 
Extensive  experiments  in  soil  cohesion  taking  account  of  this  factor 
were  made  by  Haberlandt,**  in  which  he  measured  cohesion  by  the 
crushing  strength  of  cylinders.  He  also  divided  some  of  his  soil 
samples  into  three  fractions,  depending  on  the  size  of  the  gi'ains,  and 
in  this  way  he  was  able  to  study  the  relation  between  soil  cohesion 
and  size  of  the  particles.     In  the  method  as  first  used  by  him  he 


« WIssenschaftlieh  praktische   IJnterBuchiingen  auf  dem  Gebiete  des  Pflan- 
zenbaues,  Wien,  1875,  Vol.  I,  p.  22, 
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molded  cylinders  of  the  soil  in  a  glass  tube  one  end  of  which  was  cov- 
ered by  a  thin  cloth.  The  cylinders  and  the  glass  tube  were  dipped 
in  water  to  the  depth  of  1  centimeter  and  the  soil  allowed  to  take  up 
moisture  freely.  The  soil  column,  when  removed  from  the  glass  tube, 
was  2  centimeters  in  diameter  and  3  centimeters  high.  The  cylinder 
was  then  allowed  to  dry  until  it  had  attained  the  desired  moisture 
content,  when  the  crushing  strength  was  determined  by  placing  a 
glass  vessel  on  the  top  of  the  column  and  pouring  in  water  until  the 
soil  gave  way.  From  the  weight  of  the'  vessel  and  water  the  value 
for  the  crushing  strength  was  obtained  in  grams.  The  results  for  one 
soil  are  given  in  Table  TI. 

Table  II. — MoUture-coheBion  relations,  according  to  Haherlandt 


Grade  of  parti- 
cles. 

Moisture 
content. 

Per  centm 

(       82.6 

19.8 

13.1 

7.7 

2.4 

f       25.9 

19.2 

16.8 

8.1 

1.2 

r       38.4 

25.8 

7.0 

4.2 

1.9 

Welffht 

required 

to  break 

down  soil 

cylinders. 

Coarse 

120 
320 
726 
290 
170 

225 

265 

500 

1,115 

1,080 

450 
1,150 
1,900 
2,400 
4,200 
« 

Medlnm 

Fine 

From  Table  II  it  will  be  seen  that  the  strength  with  which  the 
particles  are  held  together  is  greatly  dependent  on  the  moisture  con- 
tent of  the  soil.  In  two  of  the  samples  the  cohesion  value  reached 
a  maximum,  indicating  that  in  these  soils  a  certain  water  content 
wa^  of  particular  signiEcance  in  regard  to  the  cohesion.  The  soil 
with  the  finest  particles  became  bound  together  more  closely  as  it 
dried  out,  which  is  ip  agreement  with  the  results  of  other  investi- 
gators. 

In  another  experiment  Haberlandt  studied  the  eflfect  of  mixing 
various  quantities  of  sand  and  of  moor  soil  with  the  sample  of  soil 
which  was  used  in  the  previous  experiment.  As  the  percentage  of 
sand  increased  the  resistance  to  crushing  diminished.  This  was  like- 
wise true  of  mixtures  of  the  same  soil  with  the  moor  soil. 

In  a  later  investigation  Haberlandt**  molded  cylinders  of  the  soil 
in  a  glass  tube  in  the  same  way  as  before,  and  in  addition  to 
determining  the  crushing  strength  he  measured  the  resistance  to 


oForsch.  auf  dem  Oeb.  Agr.-Phys.,  1,  148  (1878). 
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breaking  under  a  transverse  load,  by  placing  the  soil  cylinder  across 
two  parallel  horizontal  supports  6  centimeters  apart.  Midway  be- 
tween the  supports  a  scale  pan  was  suspended  from  the  soil  cylinder, 
and  weights  were  added  continually  until  the  soil  column  gave  way. 
The  weight  required  was  taken  ae  a  measure  of  the  "  absolute  "  firm- 
ness of  the  soil.  The  pieces  of  the  broken  soil  column  were  cut  down 
to  the  desired  size  and  a  measurement  of  the  ''  relative  "  firmness 
was  made  by  crushing  the  sample  in  the  same  manner  as  before 
described.  Measurements  were  made  on  twelve  different  soils  in 
which  the  values  for  "  absolute  "  firmness  varied  from  115  to  3.5  and 
for  "  relatiye "  firmness  from  9,000  to  700.  Compared  by  either 
method  the  soils  fell  in  practically  the  same  order. 

The  investigation  was  further  extended  by  Haberlandt  to  deter- 
mine the  change  in  cohesion  upon  the  addition  of  small  amounts  of 
charcoal  and  lime.    The  results  are  given  in  Table  III. 

Table  111,-r^ffect  of  lime  and  charcoal  on  cohesion,  according  to  Haberlandt, 


Mixture. 


Untreated  soil 

Soil  with  1  per  cent  cbarooal. 
8oU  with  1  per  cent  lime 


Cohesion. 


81.4 
20.0 

8.9 


The  cohesion  was  reduced  36  per  cent  by  charcoal  and  72  per  cent 
by  lime.  From  his  various  experiments  Haberlandt  concluded:  (1) 
The  cohesion  of  different  soils  is  widely  different;  (2)  the  cohesion 
depends  on  the  size  of  the  particles;  .(3)  the  cohesion  of  the  soil  is 
greatly  diminished  by  the  addition  of  lime,  and  this  has  a  great 
influence  in  determining  the  ease  with  which  soils  can  be  worked  in 
the  field;  (4)  at  some  moisture  content  the  cohesion  is  least  for  every 
soil.  This  last  conclusion  Haberlandt  considered  of  great  impor- 
tance as  bearing  upon  the  question  of  the  ease  of  working  the  soil  in 
the  field.  • 

An  extensive  and  valuable  contribution  to  the  literature  of  soil 
cohesion  and  penetration  was  made  by  Puchner,*'  who  obtained  values 
for  "  absolute  "  and  "  relative  "  firmness,  both  by  the  method  of  pene- 
tration and  by  a  method  similar  to  that  of  Haberlandt.  The  appa- 
ratus by  which  Puchner  measured  the  penetration  of  soils  consisted 
of  a  vertical  shaft  running  through  a  metal  guide.  On  the  lower 
end  of  the  shaft  was  fastened  a  penetrating  knife  blade  2  centimeters 
broad  and  1  centimeter  high,  the  angle  of  the  cutting  edge  being  13°. 
The  upper  end  of  the  shaft  carried  a  scale  pan  to  which  weights  were 
added  directly  Until  the  blade  was  forced  a  required  depth  into  the' 

aForsch.  auf  dem  Geb.  Agr.-Phys.,  12,  195  (1889). 
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soil.  The  unloaded  shaft  and  scale  pan  were  counterpoised  by  a 
weight  running  over  a  pulley.  By  means  of  a  pestle  the  dry  soil 
sample  was' packed  into  a  dish  having  a  perforated  bottom  to  permit 
of  saturation  with  water  taken  up  by  capillarity.  This  amount  of 
water  was  taken  to  represent  the  total  water  capacity  of  the  soil,  or 
100  per  cent  moisture  content.  The  samples  were  then  allowed  to  dry 
until  they  reached  the  moisture  content  desired,  when  the  penetration 
was  measured  by  the  apparatus  just  described. 

The  influence  of  changing  moisture  content  and  that  of  size  of  par- 
ticles on  penetration  were  studied.     For  this  purpose  he  used  quartz 

sand  separated  into 
seven  divisions,  vary- 
ing from  0.01  milli- 
meter to  2  millimeters 
in  diameter.  The  co- 
hesion of  these  seven 
samples  and  a  sample 
composed  of  all  sizes 
was  measured  with 
varying  water  content. 
Experiments  were  also 
ftiade  on  a  calcareous 
soil  (Kalksand),  which 
was  divided  into  four 
divisions,  ranging  from 
0.01  to  0.25  millimeter. 
The  results  of  these  ex- 
periments are  plotted 
in  figure  1,  the  weight 
in  gi*ams  necessary  to 
force  the  blade  the  re- 
quired distance  into  the 
soil  being  plotted  as 
ordinate  and  the  mois- 
ture content  in  percentage  of  dry  weight  as  abscissa.  The  same 
abscissas  hold  for  both  the  "  Kalksand  "  and  quartz  curves.  The 
numbers  on  the  curves  represent  the  limiting  sizes  of  the  particles. 
In  order  further  to  distinguish  the  curves  representing  the  composite 
samples,  thev  have  lH»en  drawn  in  dotted  lines.  From  these  curves  it 
is  readily  seen  that  the  penetration  values  are  greater  for  the  finer 
particles  and  that  the  values  for  the  composite  samples  lie  between 
the  extremes.  * 

All  these  curves  exhibit  a  maximum  penetration  value,  from 
which  it  is  evident  that  as  the  water  content  changes  there  is  a  corre- 
sponding change  in  at  least  this  physical  property,  and  that  this 
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Fio.  1. — Influence  of  alze  of  ko»1  particleH  on  penetrn- 
tion-mq^stiire  results  for  ciilcnreous  sand  and  for 
quartz,  according;  to  Tuchner. 
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particular  water  content  has  a  special  significance.  As  the  size  of 
particles  varies  the  position  of  the  maximum  changes.  In  the  case 
of  *'  Kalksand  "  this  has  been  indicated  by  drawing  a  straight  dotted 
line  through  the  maxima.  In  the  case  of  the  quartz  curves  the 
maxima  do  not  seem  to  bear  so  simple  a  relation  to  each  other;  this 
may  be  due  to  the  fact  that  the  composite  sample  contains  many 
large  partfcles  (2  millimeters).  Although  there  were  seven  divisions 
for  quartz,  only  four  of  the  corresponding  curves  are  shown  in  the 
figure,  since  the  curves  for  the  larger  sizes  lie  too  close  to  the  axis 
abscissas  to  be  conveniently  plotted. 

The  relation  of  penetration  to  changing  moisture  content  was 
studied  by  Puchner  with  certain  principal  soil  constituents  (quartz, 
humus,  and  clay),  and  cohesion  values  were  obtained  for  the  pure  sub- 
stances and  for  their  mixtures.  In  this  work  the  measurements  were 
limited  to  one  range  of  particles  between  0.01  and  0.14  millimeter. 
These  results  have  been  plotted  in  figure  2.  The  curves  for  kaolin  and 
quartz,  humus  and  kaolin,  and  quartz  and  humus  are  drawn  in 
separate  divisions  and  each  has  its  own  set  of  ordinates. 

In  the  case  of  kaolin  and  the  mixtures  in  which  kaolin  predomi- 
nates the  force  necessary  for  penetration  increases  steadily  as  the 
soil  dries  out.  In  the  other  samples  the  penetration  curves  show 
again  a  maximum  point.  The  curves  are  also  interesting,  since  the 
absolute  values  for  penetration  of  the  pure  substance  and  of  mixtures 
may  be  compared  directly. 

In  discussing  the  value  of  cohesion  measurements  made  on  dry 
samples  alone  as  indicating  the  physical  condition  of  agricultural 
land,  it  was  pointed  out  that  the  results  so  obtained  were  likely  to 
be  misleading,  since  under  field  conditions  we  seldom  have  to  consider 
a  dry  soil.  The  truth  of  this  will  become  apparent  on  examining 
the  curves.  Taking,  for  example,  the  case  of  humus  and  kaolin  in 
the  dry  condition,  the  cohesion  values  vary  in  the  different  samples 
from  about  500  to  12,000  grams.  Under  favorable  cultural  cpndi- 
tions  the  mixture  "  1  humus-|-2  kaolin ''  would  probably  contain 
about  35  per  cent  water,  while  "  2  humus+1  kaolin  "  might  contain 
from  20  to  40  per  'cent ;  the  pure  humus  would  ordinarily  contain 
from  70  to  90  per  cent.  At  these  moisture  contents,  which  would 
represent  fair  field  conditions,  the  cohesion  values  would  not  be 
very  widely  different. 

In  his  experiments  Puchner  made  observations  on  many  other 
factors  relating  to  penetration,  such  as  the  influence  of  "  single  grain  " 
and  "  crumb  "  structure,  addition  of  chemicals,  plant  covering,  frost, 
etc.,  to  some  of  which  reference  will  be  made  later.  He  also  made 
quite  as  complete  a  study  of  soil  cohesion  by  measuring  the  crushing 
strength  of  cylinders  of  his  soil  material,  from  which  he  obtained  the 
same  results  and  reached  the  same  general  conclusions,  as  follows: 
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(1)  The  cohesion  of  the  soil,  i.  e.,  the  force  with  which  the  soil  particles  are 
bound  together,  depends  on  the  physical  constitution  of  the  soil,  on  the  moisture 
content,  and  on  the  presence  of  various  salts. 

(2)  Of  the  different  soil  constituents,  clay  has  the  greatest  binding  strength, 
while  that  of  quartz,  humus,  and  lime  is  less.  The  cohesion  of  the  soil  will 
therefore  depend  on  the  relative  proportions  of  the  different  materials. 

(3)  The  influence  of  water  on  the  cohesion  of  soils  is  of  great  importance. 
In  clay  and  clay  earth  the  cohesion  is  greater  as  the  water  content  diminishes, 
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Fig.  2. — Penetration-moisture  results  for  different  soil  components  and  mixtures  of  tbem, 

according  to  Pucliner. 

while  in  humus,  quartz,  and  lime  the  soil  particles  are  most  strongly  held  to- 
gether at  a  medium  percentage  of  water. 

(4)  The  cohesion  in  an>'  soil  depends  on  the  internal  arrangement  of  the 
particles.  It  is  greater  in  a  "  single  grain "  structure  than  in  the  '*  crumb " 
structure.  If  the  soil  particles  are  pressed  together  by  an  external  force  there 
results  a  proportional  increase  in  the  cohesion. 

(5)  Under  otherwise  similar  conditions  the  binding  strength  of  the  soil  is 
greater  under  crops  than  in  fallow. 
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(6)  The  freezing  of  the  soil  greatly  raises  the  absolute  .firmneBS. 

(7)  On  the  addition  of  lime  the  cohesion  of  day  is  reduced  under  all  moisture 
conditions,  while  the  addition  of  ix>tassium  hydroxide  and  i)otassium  carbonate 
increases  the  cohesion  when  the  soil  is  dry,  but  reduces  it  at  higher  moisture 
content 

(8)  In  a  consideration  of  the  moisture  condition  most  favorable  for  working 
a  soil  and  best  suited  to  placing  it  in  most  favorable  mechanical  condition,  the 
question  of  cohesion  should  not  enter,  since  with  a  medium  water  content  (some- 
where about  40  per  cent  of  the  total  water  capacity)  the  cohesion  of  most  soils 
is  at  a  maximum,  and  the  soil  can  then  be  worked  more  easily  into  a  crumbly 
condition..  It  is  desirable  to  obtain  the  crumb  structure,  which  is  the  best 
physical  condition  of  the  soil — i.  e.,  the  condition  most  favorable  for  crop  pro- 
duction— even  at  the  excuse  of  greater  labor. 

It  is  quite  evident  from  the  work  of  other  investigators  that  the 
cohesion  or  binding  power  is  quite  different  for  different  soils  and  that 
it  determines  the  penetrability.  It  is  a  matter  of  particular  interest 
that  the  penetrability  is  closely  connected  also  with  the  amount  of 
moisture  in  soils.  In  order  to  investigate  the  influences  of  water  on 
the  physical  condition  and  on  the  productiveness  and  apparent  fer- 
tility of  soils,  a  further  study  on  penetration  has  been  made. 

BELATION  OF  PENETRATION  TO  MOISTUBE  CONTENT. 
Object  of  experiments. 

Unlike  previous  investigations  in  soil  penetration,  these  measure- 
ments were  not  made  primarily  to  study  soil  cohesion  or  to  determine 

the  resistance  offered  bv  various  soils  to  cultural  treatment.     The 

» 

purpose  was  rather  to  determine  what  constitutes  a  favorable  physical 
condition  for  plant  growth  and  how  water  affects  this  condition. 
It  was  assumed  that  the  soil  could  be  put  into  a  most  favorable  con- 
dition as  a  cultural  medium  and  that  penetration  measurements  could 
be  taken  tentatively  as  an  index  of  this  state. 

These  considerations  had  an  important  bearing  on  the  development 
of  the  methods  used.  It  was  pointed  out  by  Puchner  that  a  soil  can 
best  be  put  into  a  crumbly  structure  when  it  contains  a  medium 
amount  of  water.  The  importance  of  a  crumb  structure  as  a  soil  con- 
dition has  long  been  known  to  agricultural  men,  and  is  earnestly 
sought  in  good  agricultural  practice.  The  ability  of  a  soil  to  build  a 
crumb  structure  or  to  form  itself  into  aggregates  is  an  important  fac- 
tor, determining  the  value  of  that  soil  as  a  medium  for  plant  growth. 
The  penetration  work  in  previous  investigations  of  soil  cohesion  has 
not  been  conducted  under  conditions  best  suited  to  plant  growth.  In 
fact  the  experimental  procedure  usually  put  the  soil  samples  in  a 
condition  much  worse  than  obtained  in  field  practice.  The  soils  were 
packed  when  dry,  often  with  a  pestle,  so  that  the  individual  grains 
were  worked  into  very  close  contact  with  each  other,  and  the  soils 
were  then  completely  saturated  with  water,  the  samples  being  thus 

13779— Bull.  50—08 2 
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packed  still  closer.  The  desired  water  contents  at  which  measure- 
ments were  made  were  obtained  by  letting  the  saturated  samples  dry 
out.  Such  a  procedure  could  hardly  be  said  to  duplicate  field  condi- 
tions. In  order  to  study  the  influence  of  water  upon  the  soil  as  a 
cultural  medium  it  was  desired  to  put  every  sample  of  soil  into  the 
most  favorable  state  possible. 
Experimental  methods. 

Neither  absolute  values  for  penetration,  nor  the  comparison  of 
these  absolute  values  for  different  soil  types  were  attempted;  but 
rather  the  aim  was  to  determine  the  variation  in  the  penetration 
values  for  one  particular  soil  at  different  moisture  contents.  Further- 
more, a  comparison -of  the  penetration  values  for  different  soils  can 
not  be  made,  on  account  of  frequent  changes  in  the  apparatus  during 
the  course  of  the  investigation.  No  such  variation  as  this,  however, 
occurs  during  a  set  of  measurements  on  any  one  soil  sample,  and  these 
results  are  strictly  comparable  with  one  another. 

In  this  problem  one  of  the  most  serious  difficulties  encountered  was 
so  to  control  the  handling  of  the  soil  sample  and  its  packing  that  an 
agreement  in  results  could  be  obtained  between  duplicate  experi- 
ments. The  difficulty  in  regulating  the  packing  was  rendered  greater 
by  the  fact  that  the  soils  were  to  be  examined  in  a  loose  condition,  in 
which  state  even  slight  changes  in  the  packing  force  produce  large 
variations  in  the  results.  In  studying  the  change  of  penetration 
with  varying  water  content  it  was  desired  that  all  soil  samples  should 
have  the  same  trei^tment.  This  it  was  impossible  to  do  so  long 
as  the  samples  were  worked  by  hand,  and  it  was  only  possible 
when  the  process  of  packing  was  made  purely  mechanical.  To  this 
end  a  power-driven  shaker  (see  fig.  27,  p.  60)  was  devised,  in  which 
the  soil  samples  were  run  through  a  coarse  screen,  after  which  they 
fell  a  definite  distance  through  a  funnel  into  the  dish  in  which  the, 
penetration  measurement  was  to  be  made.  Since  the  screening  was 
mechanical  and  the  same  in  each  case,  the  packing  could  be  changed 
by  varying  the  height  through  which  the  soil  fell. 

The  apparatus  for  measuring  the  penetration  (s?e  fig.  30,  p.  64) 
consisted  of  a  long  lever  arm  from  the  end  of  which  was  suspended  a 
sharp  conical  tool  of  steel,  free  to  swing  in  the  vertical  plane  of  the 
lever  beam.  This  tool  was  forced  a  definite  distance  into  the  soil 
sample  by  weights  added  gradually  torftlie  middle  of  the  beam.  The 
unloaded  beam  and  attachments  were  balanced  by  a  counterweight 
hung  beyond  the  fulcrum  on  the  opposite  end  of  the  lever. 

In  making  a  penetration  measurement  the  procedure  followed  was 
to  make  up  a  soil  sample  to  about  the  desired  moisture  condition. 
The  sample  was  nm  through  the  screening  machine  into  the  dish  in 
which  the  penetration  measurement  was  to  be  made.  This  dish  was 
large  enough  so  that  several  measurements  were  made  on  each  sample, 
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the  mean  of  which  was  taken  to  represent  the  final  value.  The  data 
for  the  complete  variation  of  the  moisture  content  were  usually  ob- 
tained by  starting  with  air-dry  soil.  After  the  penetration  value  for 
this  sample  was  obtained,  enough  water  was  added  to  the  same  lot  of 
soil  to  increase  the  moisture  content  by  a  few  per  cent.  This  sample 
was  in  turn  screened  and  measured,  as  before.  The  moisture  content 
was  thus  gradually  increased  and  measurements  taken  until  the  soil 
became  too  moist  to  work.  The  process  could  be  reversed  with  equal 
success  by  letting  the  wet  soil  dry  out  to  the  desired  point  as  long  as 
the  sample  was  screened  at  the  same  moisture  content  for  which  the 
penetration  was  determined.  The  amount  of  water  present  in  the 
soil  at  each  measurement  was  determined  by  drying  a*  sample  of  the 
soil  at  110°  C.  and  calculating  the  moisture  content  to  the  dry  weight, 
since  this  method  gives  moisture  values  which  for  any  one  soil  are 
directly  proportional  to  the  actual  amounts  of  water  present.  This 
method  does  not,  however,  give  any  idea  of  the  moisture  relations 
when  comparison  is  made  between  different  soils. 
Besults  for  Podunk  fine  sandy  loam. 

The  first  measurements  of  penetration  were  made  for  Podunk  fine 
sandy  loam,  the  mechanical  analysis  of  which  is  given  in  Table  IV. 

Table   IV. — Mechanical  analysen  of   Podunk  fine  sandy  loam. 

Name  of  division. 


Name  of  diviaion. 


Flneflrntvel 

Goanesand 

Medinmaand 

Fine  sand , 


Limits  of 
Bite. 

MiUiimder: 
2,0—1.0 
1.0  —  .6 
.6  —  .25 
.25—  .1 


Percent- 
age. 


Limits  of    I  Percent- 
size.        I      age. 


0.0 

.0 

1.0 

47.6 


Very  line  Hand 

Bill  

Clay 


Mmimeter9. 

0.1    —.06 
.Oft— .006 
.005-.0 


80.4 

18.8 

2.2 


This  soil  is  seen  to  consist  very  largely  of  fine  sand  and  very  fine 
sand,  along  with  considerable  silt.  It  proved  to  be  a  soil  particu- 
larly well  adapted  to  an  investigation  of  this  kind,  being  very  easy 
to  work  and  not  becoming  sticky  when  water  was  added  to  it.  In 
the  air-dry  condition  it  was  found  to  hold  about  0.3  per  cent  of  water, 
and  when  completely  saturated  by  letting  water  rise  by  capillarity 
into  short  columns  it  held  about  30  per  cent.  The  results  of  a  series 
of  penetration  measurements  on  this  soil  are  given  in  Table  V. 

Table  V. — Penetration-moisture  relations  for  Podunk  fine  sandy  loam. 


Moisture 
content. 


Weight  re- 
j  quired  for 
penetra- 
tion. 


Moisture 
content. 


Weight  re- 
quired for 
penetra- 
tion. 


Percent. 

ffmtns. 

Per  cent. 

Gramt. 

0.36 

112 

7.9 

33 

.92 

73 

10.5 

38 

8.9 

28 

13.4 

42 

6.8 

28 

...  -i 
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These  results  are  shown  graphically  in  figure  3,  whet^  the  water 
content  is  measured  on  the  axis  of  abscissas  and  the  weight  required 
for  penetration  on  the  axis  of  ordinates. 

It  can  be  seen  from  this  that  when  the  soil  is  put  into  the  loosest 
possible  condition  the  penetration  measurements  give  a  minimum 
between  4  and  6  per  cent  of  water.  This  would  indicate  that  as  the 
moisture  in  the  soil  changes  there  is  a  definite  variation  in  this  phys- 
ical property,  and  that  one  particular  range  of  water  content  seems  to 
have  a  special  significance.  It  makes  no  difference  in  the  result 
whether  the  water  content  be  changed  by  adding  water  to  the  soil  or 
by  drying  out  a  wet  soil,  for  at  one  and  the  same  moisture  content 
the  penetration  value  is  a  minimum. 

As  was  pointed  out  in  the  introduction,  there  is  a  moisture  condition 
in  each  soil  which  is  recognized  as  the  "  optimum  "  water  content,  and 
is  determined  by  the  "  feel "  of  the  soil.    To  determine  whether  there  is 

a  relation  between  the 
critical  amount  of 
water  as  found  in  the 
above  penetration 
work  and  this  opti- 
mum water  content, 
several  samples  of 
Podunk  fine  sandy 
loam,  containing  dif- 
ferent amounts  of 
moisture,  were  made 
up  to  optimum  con- 
dition by  practical 
greenhouse  men. 
When  the  moisture 
determinations  of  the  samples  were  made  they  were  between  5  and  7 
per  cent  of  water,  thus  suggesting  that  the  minimum  in  the  penetra- 
tion curve  has  a  casual  connection  with  the  optimum  water  content, 
a  quantity  which  up  to  this  time  has  been  purely  arbitrary. 

Another  set  of  penetration-moisture  results,  obtained  in  a  similar 
manner  except  that  the  packing  was  somewhat  greater,  is  given  in 
Table  VI. 

Table  VL — PenetraHon'moi9ture  relationn  for  Podunk  fine  sandy  loam. 

-         -  , 
Weirht 
'   Moisture      required    '  ^ 


Pig.  3. — Penetratlon-moiBture     reBults 

sandy  loam. 


for     Podunk     fine 


content. 

for  pene- 

1    tration. 

'    Percent. 

Gramt. 

0.3 

178 

2.6 

53    ' 

6.0 

48 

11.6 

64 
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These  results  are  like  the  othei-s  in  that  thev  show  a  minimum  at 
about  6  per  cent  of  moisture  content. 

In  working  this  soil  preparatory  to  the  measurements  a  great  dif- 
ference was  noticed  in  its  behavior  as  the  amount  of  water  was 
changed.  The  air-dry  sample  was  of  course  in  poor  condition  for 
agricultural  purposes  and  was  quite  difficult  to  work  because  of  the 
dusty  nature  and  the  compact  'state  into  which  it  settled.  The  addi- 
tion of  very  little  water  produced  a  great  change,  as  might  have  been 
predicted  from  the  penetration  curve ;  and  although  the  soil  was  too 
dry  for  agricultui:al  purposes,  it  was  no  longer  dusty,  seemed  much 
lighter,  and  it  screened  and  packed  better.  The  soil  sample  giving 
the  least  penetration  value  responded  most  readily  to  working;  it 
screened  well,  felt  damp,  light,  and  of  an  even  texture.  Beyond  this 
point  the  soil  began  to  feel  wet  and  to  show  the  effects  of  what  might 
be  called  "  free  water  " — i.  e.,  water  which  does  not  seem  to  be  an 
integral  part  of  the  soil.  At  10  per  cent  water  content  the  soil  was 
still  in  fairly  good  condition,  although  it  screened  rather  slowly,  and 
beyond  14  per  cent  it  could  not  be  worked  because  of  the  diffi- 
culty of  screening  the  wet  soil.  At  this  point  it  was  evident  that 
the  soil  was  too  wet  for  good  plant  growth.  Although  this  method 
does  not  permit  a  study  of  soil  condition  in.  the  neighborhood  of  the 
saturation  point,  it  does  allow  sufficient  variation  to  cover  the  range 
of  soil  moisture  usually  met  under  growing  conditions,  a  range  ex- 
tending well  above  and  below  the  optimum  water  content. 

The  penetration  values  according  to  this  method  form  an  interest- 
ing comparison  with  the  plant  growth  on  soils  cpntaining  varying 
quantities  of  ntoisture.  In  the  air-dry  condition  the  soil  is  not  able 
to  sustain  crops.  When  enough  water  has  been  added  to  the  soil  to 
enable  it  to  support  plant  life,  the  penetration  values  drop  very 
rapidly  and  are  of  the  same  order  of  magnitude  as  found  at  the  mini- 
mum point.  Be^'ond  the  minimum  the  penetration  for  Podunk  fine 
sandy  loam  rises  very  slowly,  which  may  be  interpreted  to  mean  that 
the  physical  condition  of  this  soil  changes  but  slightly  over  a  range 
of  several  per  cent,  for  thi  soil  remains  in  very  fair  condition  for 
plant  growth  over  quite  a  wide  range  above  6  per  cent  of  moisture. 

It  will  be  remembered  that  in  his  work  on  soil  cohesion  Puchner 
obtained  maxima  in  his  penetration-moisture  curves,  while  the  results 
just  described  showed  minima.  Puchner  attributed  his  maximum 
values  to  an  increase  in  the  soil  cohesion  due  to  the  presence  of  a  defi- 
nite amount  of  water  in  the  soils.  He  also  pointed  out  that  this 
particular  amount  ^of  water  in  the  soil  was  most  favorable  for  the 
formation  of  floccules  or  soil  aggregates  and  the  attainment  of  a 
crumb  structure,  due  to  this  same  increased  cohesion.  This  appears 
to  connect  his  observations  with  those  here  recorded  and  to  show  that 
the  same  forces  which  caused  a  maximum  under  the  one  method  of 
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procedure  operated  under  a  very  different  method  to  give  a  minimum. 
In  order  to  test  this  point,  a  penetration-moisture  study  was  made 
on  Podunk  fine  sandv  loam  under  conditions  similar  to  those  of  the 
Puchner  method.  The  results  obtained  are  given  in  Table  VII  and 
graphically  represented  in  figure  4.  In  order  to  make  this  result 
more  easily  comparable  with  other  penetration  results,  we  have  in- 
cluded in  the  figure,  using 
the  same  abscissas,  a  curve 
obtained  for  the  same  soil 
by  the  regular  method  of 
loose  packing.  Each  curve, 
however,  is  given  with  its 
own  ordinates.  Although 
the  penetration  value  for 
the  critical  point  exhibited 
by  the  maximum  is  over 
one  hundred  times  as  large 
as  the  value  given  by  the 
penetration  at  the  mini- 
mum, and  although  the 
methods  are  widelv  differ- 
ent  and  represent  very  dif- 
ferent conditions  of  inter- 
nal arrangement  of  the  soil 
particles,  the  agreement  of 
the  critical  points  in  regard  to  the  water  content  of  the  soils  is  very 
striking  indeed.  From  this  it  is  evident  that  in  a  soil  some  par- 
ticular water  content  is  of  marked  importance  in  determining  the 
physical  character  of  the  soil,  which  property  is  undoubtedly  de- 
termined bv  the  distribution  of  the  water. 
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Table  VII. — Penetration-moisture  relations  for  Podunk  fine  sandy  loam,  by  the 

•        Puchner  method. 


Quantitv  of  water  in 

' 

soil. 

Weight  re- 

Propf»rtlon 
oi  dry 
weight. 

Proportion 
of  total 

water  ca- 
pacity. 

quired  fcyr 
penetra- 
tion. 

Per  cfni.    .    Per  cent. 

(trams. 

82. 0              100. 0 

632 

26.0 

81.0 

2,320 

19.4 

60.8 

4,080 

8.6                26.8 

5,300 

2.7 

8.5 

6,062 

.0 

.0 

8,400 

PENETRATION    AND    MOISTURE   CONTENT. 


28 


At  the  same  time  some  experiments  were  made  on  the  variation 
in  the  penetration-moisture  relations  when  the  soils  were  packed 
under  different  pressures. 
These  results  have  a  special 
interest  in  connection  with 
the  forms  of  the  curves  ob- 
tained by  Puchner's  method 
and  by  our  method.  In 
studying  the  effect  of  pack- 
ing the  soil,  samples  of 
Podunk  fine  sandy  loam 
were  prepared  in  the  regu- 
lar manner  of  loose  pack- 
ing, except  that  before  the 
penetration  measurement 
was  made  the  desired  pres- 
sure was  applied  to  the 
surface  of  the  soil  by  means 
of  an  apparatus  designed 
for  that  purpose  (see  p.  62).  The  results  of  these  measurements  are 
given  in  Table  VIII,  and  shown  graphically  in  figure  5.  The  amount 
of  the  pressure  per  square  centimeter  used  in  packing  the  soil  is 
given  on  each  curve. 

TABLteVlII. — Penetration'tnoisture  relations  f 01'  Podunk  fine  sandy  loam,  packed 

under  different  pressures. 
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Fig.    5. — Penetration-moisture   results   with   differ- 
ent paclcings. 


Packing  force  per  square 
centimeter. 


Ogram. 


10  grams. 


Moisture 
content. 


/Vrccni. 

0.0 

2.6 

6.0 

12.2 

.0 

2.6 

6.0 

12.2 


Weight  re- 
quired for 
penetra- 
tion. 


GratM. 

178 

58 

48 

M 

287 
84 
72 
82 


Packing  force  per  square 
centimeter. 


Moisture 
content 


Weight  re- 
quired for 
penetra- 
tion. 


SOgramn 


M)  grams 


PtT  cent. 

0.0 

2.6 

6.0 

12.2 

.0 

2.6 

6.0 

12.2 


(rrcmui. 
250 
156 
150 
154 

291 
282 
280 
280 


Although  the  pressures  applied  are  not  large  and  do  not  raise  the 
penetration  values  anywhere  near  the  point  reached  by  samples  meas- 
ured according  to  Puchner's  method,  yet  there  is  a  well-defined  ten- 
dency for  the  curves  to  flatten  out  as  more  pressure  is  applied.  There 
is  much  less  difference  between  the  penetration  values  of  the  minimum 
and  the  dry  state  in  the  sample  packed  under  50  grams  than  there  is 
in  the  sample  packed  under  10  grams  pressure;  The  difference  in 
the  ro^ults  obtained  in  the  two  penetration  methods  discussed  is  ob- 
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viously  one  of  packing.     It  would  seem  that  upon  increasing  the 

pressure  used  in  packing  the  loose  samples  a  series  of  curves  would  be 

obtained  ranging  from  those  by  our  method,  showing  a  minimum,  to 

those  by  the  Puchner  method,  showing  a  maximum.     It  was  not 

deemed    advisable   at    the    present   time   to   investigate   this   point 

further. 

Results  for  Miami  black  clay  loam. 

Having  found  the  above  results  for  a  sandy  soil  of  low  water 
capacity  and  poor  in  organic  matter,  the  same  method  of  study  was 
applied  to  the  Miami  black  clay  loam,  a  soil  of  widely  different  char- 
acter, a  silty  soil  rici.  in  organic  matter,  having  a  large  capacity  for 
water.     The  mechanical  analysis  of  this  soil  is  given  in  Table  IX. 

Table  IX. — Mechanical  analyftitt  of  Miami  black  clay  loam. 


Name  of  divlalon. 


Fine  gravel 

Coarse  land 

Medium  nand 

Fine  sand, 


Limit8  of 
8fze. 


MiUimdert. 
^,0-1.0 
1.0-  .5 
.5-  .26 
.25-  .1 


Percent- 

airu. 


1.2 

7.6 

3.9 

16.1 


Name  of  diviHion. 


Very  fine  sand 

Sill 

Clay 


Limits  of      Percent- 
size,  age. 


MiUitneterM. 

0.1    -^.05 
.06  -  .005 
.006-  .0 


6.2 
63.4 
11.6 


40- 


o 

o 

1" 


■*— 4— it- 


1.         .1 
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Fio.    6. — Penetration-moisture   results    for    Miami 

black  clay  loam. 


The  total  water  capacity  of  this  soil  is  about  60  per  cent,  and  in  the 
air-dry  condition  it  ordinarily  contains  about  8  per  cent  of  moisture. 

When  this  soil  was  made  up 
to  optimum  water  content 
by  field  methods  it  was  found 
to  contain  from  35  to  40  per 
cent  of  water. 

A  penetration  -  moisture 
curve  was  made  for  Miami 
black  clay  loam  when  the 
soil  was  put  each  time  into 
the  loosest  possible  condi- 
tion, the  method  being  the  same  as  already  described  for  Podunk 
fine  sandy  loam.     The  results  are  shown  graphically  in  figure  6. 

When  water  was  added  to  a  comparatively  dry  sample  the  penetra- 
tion value  dropped  to  a  minimum  at  32  per  cent  moisture  content. 
Enough  water  was  added  to  the  32  i)er  cent  sample  to  increase  the 
water  content  by  several  per  cent,  whereupon  the  soil  proved  too 
sticky  to  screen  well.  At  32  per  cent  the  soil  was  in  excellent  con- 
dition, but  on  account  of  its  clayey  nature  a  few  per  cent  of  water 
caused  a  great  change  in  the  ''  workability.''  From  this  curve  it  is 
evident  that  as  water  is  added  to  the  dry  soil,  the  cohesion  is  increased 
and  the  soil  can  be  worked  into  aggregates.  ^\lien  the  cohesion  of 
the  soil  is  greatest,  as  evidenced  by  a  minimum  in  the  penetration 
curve,  the  soil  is  in  excellent  physical  condition. 
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Besolts  for  Leonardtown  loam. 

The  next  soil  studied  was  quite  different  from  those  previously 
described,  being  a  light-colored  soil  containing  considerable  clay  and 
little  organic  matter,  becoming  rather  sticky  when  wet,  and  on  drying 
setting  in  a  hard  condition.  The  optimum  water  content  for  this 
soil  was  found  to  lie  at  about  16  per  cent,  a  value  midway  between  the 
optimum  water  content  of  the  Podunk  j&ne  sandy  loam  and  that  of  the 
Miami  black  clay  loam.  In  the  air-dry  condition  the  soil  contains 
about  1.8  per  cent  of  water  and  when  saturated  holds  some  34  per  cent 
Several  concordant  sets  of  penetration  results  were  obtained  for  this 
soil.  Despite  its  tendency  to  become  sticky  when  Wet,  it  was  possible 
to  carry  the  penetration  curve  some  distance  beyond  the  optimum 
water  content.    Table  X  and  figure  7  show  the  results  of  one  set  of 
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Fig.   7. — Penetration-moisture  results  for  Leonardtown  loam. 


measurements.    The  curve  drops  to  a  well-defined  minimum  at  about 
15  per  cent  of  moisture,  which  is  also  the  optimum  water  content. 

Table  X. — Penetration-moisture  relations  for  Leonardtotcn  loam. 


Moisture, 
calculated 

on  dry 

weight  of 

soil. 


Pfr  cent. 
1.7 
9.1 
18.7 


Weight 
required 
for  pene- 
tration. 


OraiM. 
lift 
75 

68 


MoiHture, 
calculated 

on  dry 

weight  of 

soil. 


Weleht 
required 
for  pene- 
tration. 


Per  cent. 

1 
Granu. 

15.2 

66 

23.1 

115 

25.9 

150 

It  was  pointed  out  in  the  case  of  Podunk  fine  sandy  loam  that  the 
form  of  the  penetration  curve  might  serve  as  an  index  to  the  char- 
acter of  the  soil,  and  that  for  several  per  cent  beyond  the  optimum 
water  content  the  penetration  curve  rose  very  slowly,  indicating  that 
the  physical  properties  change  slowly  and  that  the  soil  remains 
in  fairly  good  agricultural  condition.     The  penetration  curve  for 
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Leonardtown  loam  rises  sharply,  indicating  a  more  marked  change 
in  the  physical  condition  of  the  soil.  Here  also  the  curve  corresponds 
to  the  field  observations,  for  the  favorable  soil  condition  existing ' 
at  15  per  cent  of  water  rapidly  disappears  with  a  slight  increase  of 
water  content.  Further  data  on  penetration  for  this  soil  are  given  in 
Tables  XXIII  and  XXIV. 

BesultB  for  Muck. 

The  next  soil  was  studied  as  a  check  upon  the  conclusions  reached 
in  the  previous  work  because  it  is  an  extreme  soil  type,  being  com- 
posed largely  of  organic  matter  and  having  a  high  water  content. 
The  mechanical  analysis  of  this  soil  is  not  presented,  as  it  would  give 
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Fio.  8. — Penetration-moisture  and  apparent-speciflc-gravlty-moisture  resultB  for  Muck. 

little  indication  of  the  soil  texture  owing  to  the  large  quantity  of 
organic  matter  present.  In  the  air  dry  condition  this  soil  ordinarily 
holds  about  45  per  cent  of  water,  and  when  saturated  some  220  per 
cent.  The  soil  is  in  good  condition  for  agricultural  purposes  over 
quite  a  wide  range  of  moisture  content,  and  it  would  be  difficult  to 
assign  a  close  limit  for  the  optimum  water  content  as  determined 
by  the  ordinary  field  method;  however,  it  may  be  considered  as 
between  120  and  140  per  cent.  The  penetration  measurements  were 
made  in  the  usual  manner,  the  results  being  given  in  figure  8. 
From  this  it  is  seen  that  the  penetration  value  reaches  a  minimum 
at  about  120  per  cent  of  moisture,  which  agrees  well  with  the  optimum 
water  content. 
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AFFABENT  SPECIFIC  GEAVITY  OK  VOLUME. 

PBEVIOUS  WOBK. 

In  1838  Schiibler<»  studied  the  volume  changes  of  soil  by  drying 
out  wet  samples  until  the  weight  no  longer  decreased.  Representing 
the  original  volume  as  1,000,  he  gives  the  volume  to  which  the  soils 
contracted  on  drying.  In  this  way  a  comparison  was  obtained 
between  different  soil  types.    The  results  are  shown  in  Table  XI. 

Table  XI. — Volume  changes  of  soils  on  drying,  according  to  flchUblcr. 


MHterial. 


Quarts  sand 

Calcareous  sand  .. 

Gypaum 

Slate  marl 

Calcium  carbonate 

Potters  clay 

Clay  loam 


Percentage  1 

of  original 

volume. 

100.0 

100.0 

100.0 

96.5  . 

95.0 

94.0 

91.1 

Material. 


Clay 

Ordinary  fleld  soil 

Fertile  garden  soil  . . . 
MagneaTum  carbonate 

Kaolin 

HumuB 


Percentage 

of  original 

volume. 


88.0 
88.0 
86.1 
84.6 
81.7 
80.0 


The  diminution  of  volume  on  drying  was  determined  for  six  soils 
by  Wolff,''  who  measured  the  change  by  means  of  a  graduated  cylin- 
der. The  influence  of  the  size  of  the  particles  on  the  volume  changes 
in  soil  was  first  studied  by  Haberlandt.*"  He  used  twelve  soil  sam- 
ples, each  of  which  was  divided  mechanically  into  ten  separations. 
From  the  change  in  volume  of  the  different  sorls  and  the  water 
capacity,  humus  content,  and  mechanical  analysis,  conclusions  were 
reached  regarding  the  influence  of  different  soil  constituents  on  the 
volume  changes.  The  experimental  method  consisted  in  measuring 
the  change  in  volume  of  soil  cylinders  made  from  the  damp  earth. 
Haberlandt  came  to  the  following  conclusions: 

(1)  The  volume  change  which  different  closely  packed  soils  undergo  In  drying 
out  from  a  wet  condition  varies  from  0  to  ?0  per  cent  of  the  original  volume. 

(2)  Such  volume  changes  are  measured  best  in  closely  packed  soils;  loose 
soUs  are  not  well  suited  to  measurement 

(3)  Of  the  soil  constituents  humus  has  the  most  influence  on  volume  change. 

(4)  It  is  probable  that  the  volume  changes  of  soils  bear  a  linear  relation  to 
the  fineness  of  the  particles ;  yet  this  is  only  the  case  when  these  fine  particles 
all  have  the  same  power  to  swell. 

The  volimie  changes  due  both  to  drying  out  and  wetting  were 
studied  by  von  Schwarz.**  He  used  four  soil  samples  the  mechanical 
analyses  of  which  are  given  in  Table  XII.  The  volume  changes  are 
given  in  Table  XIII. 


oGrundsatze  der  Agrikultur-Chemie,  Leipzig,  II,  82  (1839). 

^Anleitung  zur  chemischen  Untersuchung  landvvirtschaftiich  wlchtiger  Stoffe, 
Berlin,  18d9. 

^Ftihllng's  landw.  Ztg.,  7,  481  (1877). 

^Erster  Bericht  ilber  Arbeiten  der  k.  k.  landwlrtschaftlicheii  Vers.-Stat.  in 
Weln  (1870-1877),  p.  51. 
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Table  XII. — Mechanical  analyses  of  soils  used  in  t'olume  studies  by  vofi 

Schwars. 


Soil  type. 


1.  Sand. 

2.  hoMn 
S.  Clay  . 
4.  Moor. 


CiWine. 


Ptr  cent. 
0.0 
0.0 
0.0 


Sands. 
Medium.      Fine. 


Per  cent. 
96.34 
19.  »7 
0.0 


Per  cetU 
3.11 
31.70 
0.0 


Very  fine. 

lucent. 

0.55 

SO.  89 

4.68 


Suspended 
material. 


Percent. 
0.55 
18.04 
96.47 


Contained  82.6  per  cent  organic  matter. 


Tablk  XIII. — Volume  changes  of  soils  on  drying ,  according  to  Von  fiChtrarz, 


Soil. 


Decneaae 
on  dry- 
ing. 


Increase 
on  wet- 
ting. 


1.  Sand 

2.  Loam 
8.  Clay. 
4.  Moor 


Percent. 

Per  cent. 

0.0 

0.0 

17.0 

19.2 

29.8 

42.4 

60.2 

An  extended  study  of  the  volume  changes  on  wetting  and  drying 
soils  was  made  by  Wollny.«  In  the  apparatus  devised  by  him  for 
this  study  the  soil  samples  were  contained  in  a  wide  cup  with  a  per- 
forated bottom.  This  was  surrounded  by  an  outside  dish  so  that 
the  samples  could  be  wetted  by  capillary  water.  On  the  surface  of 
the  soil  rested  a  metal  plate  to  which  an  upright  rod  was  fastened. 
The  weight  of  the  rod  and  plate  was  counterbalanced  by  a  weight 
running  over  a  pulley.  The  upper  part  of  the  rod  was  notched  so 
that  it  constituted  a  part  of  a  rack  and  pinion  that,  on  moving, 
revolved  a  pointer  on  a  circular  scale.  The  soil  to  be  measured  was 
packed  into  the  containing  disli  in  the  dry  state,  the  surface  leveled, 
and  the  plate  which  moved  the  measuring  mechanism  was  adjusted 
to  the  surface.  By  allowing  the  wet  soil  to  dry,  another  measurement 
could  be  made.  A  measurement  of  the  relation  of  volume  change  to 
size  of  particles  on  drying  a  soil  gave  the  results  in  Table  XIV. 

Table  XIV. — Volume  changes  on  drying  soil  separates,  according  to  Wollny. 


Di^creane  in 

volume 
due  to  dry- 
ing. 


Soil  (quartz  Hand). 

Size  of  par- 
ticles. 

I 

MiUimcter. 
0.01-0.07 
.07-  .01 
.11-  .17 
.17-  .25 
.26-  .60 

II  ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::: 

in 

IV 

V - 

* 

Percent. 
0.09 
.17 
.15 
.11 
.0 


From  this  table  it  follows  that  the  change  of  volume  in  quartz 
sand  is  greatest  for  the  finest  material.     Similar  results  were  obtained 


^Forech.  auf  dem  Geb.  Agr.-Phya..  20,  1  (1897). 
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when  the  dry  soil  samples  were  wet,  although  in  this  case  the  volume 
changes  were  greater,  as  can  be  seen  from  Table  XV. 

Table  XV. — Volume  changes  on   tret  ting  soil  separates,  according  to  Wolhiy. 


Soil  (qaarU  Hand). 


3126  of  par- 
ticles. 


Increase  in 

volume 

due  to 

wetting. 


'  MHUmeter. 

1 1    0.01-0.07 

11 .07-  .11 

III .11-  .17 

IV .17-  .25 

V 25-  .50 


Percent 

8.01 

5.09 

1.25 

.78 

.0 


Measurements  were  made  on  drying  and  wetting  the  principal  soil 
constituents — quartz,  clay,  and  humus,  and  their  mixtures.  The 
quartz  used  in  this  work  was  the  finest  size,  varying  from  0.01  to  0.07 
millimeter.  Table  XVI  gives  the  values  obtained  both  in  drying  and 
wetting  the  samples. 

Table  XVI. — Volume  changes  of  different  soil  constituents  atid  their  mixtures 
due  to  changing  moisture  content,  according  to  Wollny, 


Soil  mixture. 


Kaolin 

Kaolin,  2  parts  +  quarts,  1  part. 
Kaolin,  1  part  +  quarts,  2  parts. 

Quarts 

Quarts,  2  parts  +  humus,  1  part. 
Quarts,  1  part  +  humus,  2  parts. 

Humus 

Humus,  2  parts  +  kaolin,  1  part 
Humus,  1  part  +  kaolin,  2  parts 


Decrease 

Increase 

on 

on 

drying. 

wetting. 

Percent. 

Per  cent. 

89.92 

86.92 

88.17 

30.90 

20.68 

19.28 

.99 

8.01 

2.86 

10.84 

4.68 

14.07 

5.89 

15.92 

23.68 

25.22 

85.19 

82.79 

From  this  it  is  to  be  concluded  that  the  volume  changes  in  a  soil 
are  greater  the  more  clay  there  is  present  and  less  the  greater  the 
amount  of  quartz.  The  humus  causes  an  increase  in  the  volume 
change  when  mixed  with  quartz,  but  has  an  opposite  influence  in 
mixtures  of  clay. 

A  number  of  other  factors  that  influence  volume  changes  in  soils 
were  studied  by  WoUny,  such  as  effects  of  hydrates  and  'salts,  the 
effect  of  the  arrangement  of  the  soil  particles,  and  the  effects  of  rain- 
fall and  freezing,  to  some  of  which  further  reference  will  be  made  in 
the  following  pages. 

BEI14.TIOK  OF  VOLUME  TO  M0ISTT7BE  CONTENT. 

Object  of  experiments. 

From  the  work  on  volume  changes  just  reviewed  it  is  evident  that 
variations  in  volume  of  greater  or  less  magnitude  occur  in  all  soils 
when  wetted  and  dried,  which  changes  are  influenced  by  a  number  of 
factors.    The  relation  between  the  magnitude  of  these  changes  had 


30  moistiTrb  content  and  condition  of  soils. 

been  well  established  for  a  number  of  soils  and  under  a  number  of  dif- 
ferent conditions.  In  none  of  the  work,  however,  is  there  any  refer- 
ence to  the  variation  in  volume  with  the  variation  in.  moisture 
content.  What  has  been  measured  may  be  designated  the  "  total " 
change,  which  represents  the  difference  in  volume  between  the  satu- 
rated and  the  air-dry  conditions.  WTiether  all  or  the  greater  part  of 
the  variation  occurs  over  the  range  of  low^  percentage  of  water  or  near 
the  saturation  point,  or  whether  it  is  equally  distributed  over  the 
entire  range  of  moisture  variation,  has  not  been  determined.  In 
studying  the  effect  of  different  amounts  of  water  as  affecting  the 
physical  state  of  the  soil  and  determining  favorable  conditions  for 
plants,  it  is  of  particular  interest  to  know  whether  special  quantities 
of  water  have  a  determining  influence  on  the  physical  properties. 

Variations  in  water  content  have  all  been  in  one  direction,  from  the 
wet  to  tl^  dry  state,  since  there  is  no  satisfactory  way  of  adding 
regular  intermediate  percentages  of  water  to  a  soil  and  leaving  it 
in  place  for  measurement.  A  soil  could  of  course  be  molded  into  any 
convenient  shape,  saturated  with  water  and  measurements  on  the 
volume  of  the  sample  made  as  the  water  content  decreased,  withoiit 
in  any  way  disturbing  the  soil  sample.  The  parallel  results  obtained 
by,  WoUny  in  the  measurement  of  the  "  total "  volume  change  in 
wetting  and  drying  out  a  sample,  indicate  that  the  determinations  in 
drying  out  a  sample  will  probably  give  a  true  idea  of  the  nature  of 
the  changes  occurring. 

Experimental  methods. 

Several  different  methods  were  used  to  measure  the  change  in  vol- 
ume, because  it  was  desired  to  have  check  methods  and  because  differ- 
ent soil  samples  did  not  lend  themselves  equally  well  to  the  same 
method.  The  contraction  along  one  dimension  was  measured  rather 
than  the  actual  volume  change.  The  assumption  was  made  that  the 
contraction  was  the  same  in  all  directions  and  from  the  linear  change 
for  unit  length  the  percentage  volume  decrease  was  calculated  from 
the  formula  D=l — (1 — ./?)',  where  x  represents  the  unit  linear 
change. 

In  one  method,  which  will  be  designated  the  *'  soil  column  method,"  *» 
a  cylinder  of  soil  was  supported  in  an  inclined  position  on  a  metal 
form  made  by  sawing  a  brass  tube  in  half,  longitudinally.  A  cylin- 
drical brass  follower  was  brought  in  contact  with  the  upper  end  of  the 
soil  column.  As  the  wet  soil  column  dried  out  and  diminished  in 
length  the  brass  follower  moved  downward,  and  this  movement  was 
measured  by  means  of  a  micrometer  screw,  reading  to  0.001  centi- 
meter. 


«  For  full  <lescriptiou  Bet*  p.  67  and  fig.  32. 
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This  same  micrometer  was  used  at  a  different  time  to  measure  the 
contraction  of  samples  contained  in  vertical  glass  tubes  (see  p.  65 
and  fig.  31)  where  a  follower  was  also  used  in  connection  with  the 
soil  surface.  This  method  will  be  designated  as- the  ^^ glass-tube 
method." 

A  different  micrometer  screw,  reading  to  0.0001  centimeter,  was 
used  in  another  method,  where  the  soil  sample  was  held  in  a  cylin- 
drical dish  (see  p.  68  and  fig.  33),  through  the  perforated  bottom  of 
which  the  sample  could  be  saturated  with  water.  A  brass  disk  was 
set  on  the  surface  of  the  soil  and  the  micrometer  point  brought  in 
contact  with  this.  For  convenience  this  method  will  be  designated 
the  "  micrometer  method."  A  cathetometer  was  used  to  follow  the 
contraction  in  soil  samples  supported  in  containing  vessels  having 
perforated  bottoms.  The  point  of  an  upright  shaft,  supported  by  a 
disk  resting  on  the  surface  of  the  soil,  was  focused  on  the  cross  lines 
of  the  cathetometer  telescope  and  thus  the  variation  in  the  height 
of  the  soil  surface  was  followed.  This  method  will  be  called  the 
"cathetometer  method." 

As  a  further  indication  of  volume  changes  the  apparent  specific 
gravity  of  the  soil  was  measured  by  weighing  a  unit  volume  in  the 
condition  in  which  it  was  worked.  These  observations  were  made 
at  the  same  time  that  the  penetration  work  was  being  carried  on. 
In  determining  these  data  for  the  various  soil  samples  it  was  neces- 
sary to  level  off  the  dish  carefuHy,  weigh  dish  and  soil,  and  divide  . 
the  weight  of  the  soil  by  the  volume  of  the  dish. 
Besults  for  Podunk  fine  sandy  loam. 

It  has  been  shown  above  that  at  a  certain  percentage  of  water  the 
penetration  results  indicate  that  it  is  possible  to  work  the  soil  into 
a  maximum  "  looseness,"  which  amount  of  water  corresponds  to  the 
optimum  water  content.  This  observation  was  further  checked  by  ^ 
measuring  the  apparent  specific  gravity  of  the  soil — the  results  being 
given  in  Table  XVII, 

Table   XVII. — Apparent   specific  gvavity-moisturc   relations    far   Podunk   fine 

sandy  loam. 


Moisture 
content. 


Apparent 
specific 
gravity. 


Percent,   i 

0.86 

1.31 

.92 

1.21 

8.9 

.69 

5.8 

.655 

Moisture 
content. 


PercefU. 


7.9 
10.5 
13.4 


Apparent 
specific 
gravity. 


0.665 
.722 
.777 


These  data  are  better  illustrated  by  the  curve  in  figure  9,  from 
which  it  is  seen  that  the  variation  of  apparent  specific  gravity  with 
moisture  content  corresponds  closely  with  the  penetration-moisture 
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results.    On  account  of  the  greater  accuracy  attainable  by  weighing, 

the  data  given  by  the  ap- 
parent specific  gravity 
variations  are  even  more 
concordant  than  those 
given  by  penetration  meas- 
urements, which  are  mor^ 
difficult  to  make  with  ac- 
curacy on  account  of  the 
influence  of  small  irregu- 
larities in  packing. 

The  apparent  -  specific- 
gravity  data  obtained  in 
connection  with  the  pene- 
tration measurements  made  when  the  soil  was  subjected  to  different 
packing  pressures  are  shown  by  means  of  the  curves  in  figure  10, 


2345676310     II 

Pen  ccNT  or  moisture 
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9. — Apparent-speclflc-gravity-moiBture     results 
for  Podunk  fine  sandy  loam. 
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Fio.    10.— Appareut-speclfic-gravlty-moisture   results    for    Podunk    flue   sandy    loam    wltli 

different  packings. 
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where  the  numbers  on  the  curves  represent  the  packing  force  per 
square  centimeter.  These  curves  are  similar  to  the  corresponding 
penetration  curves,  but  they  indicate  more  clearly  the  tendency  to 
flatten  out  under  increasing  pressure  due  to  the  fact  that  the  specific 
gravities  of  the  dry  samples  are  much  closer  together,  so  that  the 
results  of  packing  the  loose  soils  at  the  optimum  water  content  are 
more  marked.         . 

It  can  be  readily  seen  from  the  work  of  WoUny  on  the  "  total " 
change  of  volume  of  soils  that  the  measurement  of  the  change  of 
volimie  in  sand  with  varying  moisture  content  would  present  ex- 
ceptional dilBSculties  on  account  of  the  very  small  change  of.  volume. 
When  it  is  borne  in  mind  that  the  volume  is  a  cubical  function  of  one 
length,  the  difficulty  of  obtaining  accurate  measurements  on  the  linear 
contraction  can  be  appreciated.  In  comparison  with  the  readiness 
with  which  contraction  measurements  were  made  on  some  soils,  the 
study  of  the  volume  change  in  Podunk  fine  sandy  loam  presented 
serious  experimental  difficulties.  But  these  results  were  essential  in 
order  to  compare  the  variations  in  this  physical  property  with  the 
changes  in  penetration  and  apparent  specific  gravity  already  given, 
and  to  complete  a  correlation  of  the  individual  properties  that  are 
dependent  on  the  moisture  content  of  the  soil. 

The  results  of  a  series  of  measurements  on  the  volume  changes  in 
Podunk  fine  sandy  loam  as  made  by  the  micrometer  method  are  given 
in  Table  XVIIL 

Table  XVIII. — Volume-moisture  relatiofi  for  Podunk  fine  sandy  loam. 


Moisture 

Linear 

Volume 

Moisture 

Linear 

Volume 

content. 

decreeae. 

decrease. 

content. 

decrease. 

decrease. 

Per  cent 

Omtimeter. 

Percent. 

Per  ccTit. 

OerUimeter. 

Percent. 

82.9 

0.0 

0.0 

11.5 

0.022 

7.18 

29.8 

.006 

1.98 

9.7 

.022 

7.13 

29.0 

.007 

2.19 

8.2 

.022 

7.13 

27.7 

.011 

8.6 

6.8 

.022  * 

7.18 

22.7 

.021 

6.87 

6.4 

.0225 

7.18 

18.3 

.022 

7.13 

5.4 

.0255 

8.36 

16.0 

.022 

7.13 

3.7 

.0256 

8.36 

12.2 

.022 

7.13 

2.0 

.026 

8.40 

From  the  table  it  will  be  seen  that  the  saturation  point  at  which 
the  measurements  were  started  was  about  33  per  cent  moisture  con- 
tent. As  the  sample  dried  out  there  was  a  gradual  decrease  in  volume 
imtil  about  18  per  cent  of  virater  was  reached  when  the  contraction 
had  amounted  to  7.13  per  cent  of  the  original  volume.  From  this  point 
on  there  was  very  little,  if  any,  contraction  in  volume  over  many  per 
cent  decrease  in  moisture  content.  When  the  soil  reached  about  6 
per  cent  moisture  content,  however,  a  more  rapid  volume  decrease 
commenced.    At  2  per  cent  of  water  the  volume  decrease  had  reached 

1377fr-Bull.  50—08 3 
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8.4  per  cent  of  the  original  volume.  These  data  are  shown  in  another 
form  in  figure  11,  where  the  moisture  content  is  platted  as  abscissa 
and  the  per  cent  volume  decrease  as  ordinate. 
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Fia.  11. — Volume-moisture  results  for  Podunk  fine  sandy  loam  by  the  micrometer  method. 

In  Table  XIX  and  figure  12  is  given  a  series  of  measurements  made 
by  the  "  glass-tube  method,"  and  these  show  the  same  variations  as 
do  the  previous  measurements. 

Table  XIX. — Volume-inoisture  relations  far  Podunk  fine  sandy  loam. 

[Length  of  soil  column,   10  centimeters.] 


Moisture. 

Linear  de- 
crease. 

Volume 
decrease. 

Moisture. 

Linear  de- 
crease. 

Volume 
decrease. 

Per  cent. 

28.8 

17.7 

9.8 

7.4 

Centimeter. 
0.0 
.015 
.016 
.016 

Percent. 

0.0 

.48 

.60 

.60 

Percent. 
5.9 
8.0 
1.6 

Centimeter. 
0.023 
.048 
.048 

Per  cent. 
0.69 
1.80 
1.80 

The  total  percentage  decreases  are  not  the  same  by  the  two  methods. 
As  was  pointed  out  in  the  chapter  on  penetration,  the  "  absolute  " 

values  of  these  changes  have 
no  significance,  but  only  the 
relation  between  the  water 
content  and  the  property 
being  studied.  It  is  to  be 
noticed,  however,  that  the 
measurements  bv  the  latter 
method  were  not  begun  at 
33  per  cent,  but  at  24  per 
cent,  and  if  a  similar  range 
be  taken  on  the  curve  of  figure  11  the  total  volume  changes  by  the  two 
methods  more  nearly  approach  each  other.    Considering  the  curves 
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PiQ.     12. — Volume-moisture    results    for    Podunk 
fine  sandy  loam  by  the  cathetometer  method. 
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within  the  range  of  the  moisture  content  covered  in  the  penetration 
work — namely,  14  per  cent  to  0  per  cent — it  will  be  seen  that  from  14 
to  6  or  7  per  cent  there  is  no  appreciable  change  in  volume  in  Podunk 
fine  sandy  loam,  the  loss  of  water  over  this  range  having  no  influence 
on  the  volume  of  the  soil.  In  the  neighborhood  of  6  per  cent,  how- 
ever, a  change  is  noticeable,  a  loss  of  water  beyond  this  point  being 
accompanied  by  a  diminution  in  the  volume  of  the  sample. 

Thus,  it  follows  that  not  only  in  the  penetration  but  also  in  the 
aparent  specific  gravity  a  change  occurs  in  the  physical  properties  of 
the  soil  at  about  6  per  cent  moisture  content,  which  content  is  also 
the  optimum.  It  is  evident,  therefore,  that  the  optimum  water  con- 
tent has  an  important  physical  significance  and  the  work  on  volume 
contributes  much  to  an  understanding  of  the  factors  that  operate  at 
the  optimum  water  content. 
Sesnlts  for  Kiami  black  clay  loam. 

Very  satisfactory  volume  results  were  obtained  in  the  measure- 
ments on  the  Miami  black 
clay  loam.  The  nature  of 
the  soil  made  it  well 
suited  to  the  soil  column 
method  of  measuring  vol- 
ume change;  because  of  its 
clayey  nature  and  organic 
matter  cdhtent  it  was  able 
to  retain  the  form  of  the 
soil  column  both  in  a  very 
wet  and  a  very  dry  condi- 
tion. Further,  the  pres- 
ence of  the  clay  and  or- 
ganic matter  caused  greater  volume  changes,  which  added  much  to  the 
ease  of  obtaining  results. 

A  set  of  data  obtained  for  Miami  black  clay  loam  on  the  volume 
changes  with  varying  moisture  content  is  given  in  Table  XX  and 
represented  graphically  in  figure  13. 

TabiIe  XX. — Volume-moiature  relations  for  Miami  hlack  clay  loam  by  the  8oil 

column  method, 

[Length  of  soil  column,  14  centlmeterfl.] 
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13. — Volume-moisture  results  for  Miami  black 
clay  loam  by  the  soil  column  method. 


Moisture. 

Linear 
decrease. 

Volume 
decrease. 

Per  cent. 

CentimHer. 

* 

Percent. 

&9.0 

0.0 

0.0 

54.0 

.002 

.0 

45.7 

.002 

.0 

40.4 

.011 

.2 

87.4 

.022 

.5 

84.0 

.028 

.6 

28.8 

.078 

1.6 

22.3 

.181 

8.9 

Moisture. 


Percent. 

20.9 

16.2 

11.8 

10.8 

9.0 

7.6 

6.7 


Linear 
decrease. 


Volume 
decrease. 


Centimeter. 
0.195 
.292 
.383 
.444 
.537 
.559 
.564 


Percent. 
4.1 
6.1 
8.0 
9.1 

n.i 

11.5 
11.6 
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From  this  table  it  is  seen  that  for  moisture  changes  over  a  wide 
range  liear  the  saturation  point  there  is  no  change  in  volume.  At 
about  40  per  cent,  however,  there  begins  a  contraction  in  volume 

which  continues  down  to 
the  lowest  limit  to  which 
the  drying  was  carried. 
Another  curve  was  ob- 
tained by  the  cathetome- 
ter  method,  the  moisture 
content  varying  from  the 
saturation  point  to  well 
below  the  optimum.  At 
the  saturation  end  of  the 
curve  no  variation  in  vol- 
ume occurred,  but  at  about 
35  per  cent  moisture  con- 
tent a  decided  contrac- 
tion began,  which  con- 
tinued through  the  lower  moisture  contents.  These  data  are  given 
in  Table  XXI  and  figure  14. 

Table  XXI. — Volume-moisture  relations  for  Miami  black  clay  loam  by  the  cathc- 

tometer  method. 
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Fig.  14. — Volume-moisture  results  for  Miami  black 
clay  loam  by  the  cathetometer  method. 


Moisturv. 


Per  cent. 
61.2 
61.8 


35.0 


Linear 
decrease. 


Centimeter. 
0.0 
.0 
.0 


Volume 
change. 


Percent. 

0.0 

.0 

.0 


Moisture. 


Percent. 
28.2 
22.6 

18.3 


Linear         Volume 
decrease.       change. 


Centimeter. 
0.04    > 
.06    I 
.08 


Percent. 
8.1 
4.6 
6.5 
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Another  set  of  results  on  the  apparent  specific  gravity  of  the 
different  vsamples  is  plotted  in  figure  15,  from  which  it  is  seen  that 
the  results  run  parallel  to  the  penetration  data,  as  shown  in  figure  6. 
Thus,    again    the    volume 
changes    indicate    that    a 
change    in    the    physical 
properties  of  the  soil  oc- 
curs in  the  region  of  the 
optimum  water  content. 
Besnlts  for  Leonardtown  loam. 

The  data  and  curve  for 
a  set  of  measurements  on 
the  volume  changes  in  leonardtown  loam  are  given  in  Table  XXII 
and  figure  16.  This  curve  does  not  show  a  marked  change  in  direc- 
tion at  15  per  cent  moisture  content,  and  has  been  added  for  the  sake 
of  completeness  to  illustrate  what  may  be  expected  m  volume  meas- 
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Apparent-speciflc-gravlty-molature   results 
for  Miami  black  clay  loam. 
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urements  on  a  soil  of  this  nature.  Numerous  attempts  to  take  meas- 
urements  of  the  volume  changes  were  made  with  this  soil,  from  which 
widely  varying  results  w^ere  obtained.  A  few  of  the  forms  of  curves 
resulting  from  different  methods  are  plotted  in  figure  17,  and  show 
that  the  behavior  of  this  soil  is  quite  irregular. 

Table  XXII. — Volume-moisture  relationa  for  Leonardtotrn  loam,  hy  the  micro- 
meter method. 


Moisture. 

Linear 
decrease. 

Volume 
decrease. 

Moisture. 

Linear 
decrease. 

Volume 
decrease. 

PercetU. 

Percent, 

Centimeter, 

Per  ftrtt. 

Per  cent. 

(Centimeter, 

33.0 

0.0 

0.0 

22.6 

0.194 

6.35 

32.4 

.029 

.96 

20.6 

.209 

6.81 

80.0 

.097 

3.19 

17.3 

.227 

7.82 

29.2 

.119 

3.86 

15.9 

.230 

7.46 

27.2 

.147 

4.79 

14.7 

.235 

7.63 

26.2 

.166 

5.88 

12.6 

.239 

7.76 

24.2 

.176 

5.77 

11.7 

.241 

7.90 

23.6 

.185 
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The  variable  conduct  of  this  soil  may  be  attributed  to  its  uncertain 
plasticity,  due  to  the  irregular  distribution  of  clay  in  the  soil.     As  the 
soil  dries  out  the  particles  stick  together,  and  when  dry  the  whole 
becomes  cemented   into   a 
very    hard    and    compact 
mass.     This  cementing  of 
the      particles      interferes 
with    whatever    tendencv 
the  changing  moisture  con- 
dition might  have  to  alter 
the   internal   arrangement 
of  the  soil.* 

Upon  examination  of  the 
curves  in  figure  2,  in  which 
are  plotted  the  penetration 
results  of  Puchner,  it  will 
be  seen  that  the  measure- 
ments on  clay  samples  show  peculiarities  very  similar  to  those  en- 
countered in  the  present  work.  In  the  cases  in  which  quartz  and 
humus  were  in  excess  the  penetration-moisture  data  all  showed 
maxima  in  the  curves.  When  kaolin  was  present  in  large  amounts 
the  penetration  values  increased  steadily  as  the  drying  progressed, 
which  action  Puchner  ascribed  to  the  plastic  nature  of  the  material 

oThe  subject  of  plasticity  in  clays  has  been  discussed  by  many  writers,  and 
references  to  a  few  of  the  more  important  treatises  are  here  given :  SchlSsing, 
Compt.  rend.,  74,  1408  (1872)  ;  78,  1276  (1874)  ;  Jour,  de  I'agriculture,  9  It,  50, 
93,  140,  171  (1874)  Hilgard,  Forsch.  anf  dem  Geb.  Agr.-Phys.,  2,  441  (1879)  ; 
van  Bemmelen,  Landw.  Ver8.-Stat.,  86,  69  (1888)  ;  Whitney,  Bui.  No.  4, 
Weather  Bureau,  U.  S.  Dept.  Agr.  (1892),  p.  27;  Rles  Clays;  Their  Occur- 
rence, Properties,  and  Uses.    New  York,  1906. 
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Pio.  16. — Volume-moisture  results  for  Leonard  town 
loam  by  the  micrometer  method. 
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and  to  the  hard,  cemented  character  which  the  soil  assumed  on  drv- 

ing  out.  It  is  evident  from 
the  penetration  results  for 
I^onardtown  loam  that 
when  the  sample  is  worked 
up  into  condition  at  the 
different  moisture  contents, 
the  cementing  action  ac- 
companying drying  out  is 
largely  pi^evented. 

The  apparent  specific 
gravity  curve  shown  in  fig- 
ure 18  was  plotted  from  the 
data  contained  in  Table 
XXIII.  A  similar  set  of 
data    is    given     in    Table 
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Fig.  17. — Volume-moiature  results  for  Leonard- 
town  loam  by  the  soil  column  method. 

IS    given     in 

XXIV.     In  all  cases  there  is  a  well-defined  minimum  at  15  per  cent 
moisture  content. 


Tabu:  XXIII. — Relations  heticeen  penetration,  apparent  specific  gravity,  and 

moisture  for  Leonardtown  loam. 


Moisture, 
calculated 

on  dry 

weight  of 

soil. 

Weight  re- 
quired for 
penetra- 
tion. 

Qnxnu. 
77 
60 
48 
49 

I 
Apparent 
specific 
gravity. 

1.07 
.980 
.865 
.841 

Moiflture, 
calculated 

on  dry 

weight  of 

soil. 

Weight  re- 
quired for 
penetiBr 
tlon. 

Apparent 
specific 
gravity. 

0.828 

.822 
.828 
.868 

Per  cent. 

2.8 

6.0 

10.4 

12.4 

PercenL 
16.0 
15.3 
17.9 
20.6 

OratM. 
43 
46 
46 
69 

Table  XXIV. — Relations  hetween  penetration,  apparent  specific  gravity, 

moisture  for  Leonardtotcn  loam. 


and 


Moisture, 
calculated 

on  dry 

weight  of 

soli. 

Percent. 

1.8 

6.6 

11.0 

14.1 

17.3 

Weight 
required 
for  pene- 
tration. 

OratM. 
60 
40 
84 
34 
40 

Apparent 
specific 
gravity. 

1.01 
.812 
.696 
.690 
.723 

Results  for  nrnck. 

This  soil  proved  to  be  well  suited  for  measurements  on  volume 
change  by  the  soil  column  method,  not  only  because  it  retained  its 
form  on  contraction  without  developing  large  cracks,  but  also  because 
it  gave  fairly  large  volume  changes.     The  results  of  the  series  of  val- 
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ues  obtained  for  volume  change  with  varying  amounts  of  water  by 
the  soil  column  method  are  given  in  Table  XXV,  and  shown  graphic- 
ally in  figure  19. 

TABI.E  XXV. — Volume-moUture  relations  for  muck  by  the  soil  column  method. 


Moisture 
content. 

Linear  de- 
crease. 

Volume  de- 
crease. 

Moisture 
content. 

Linear  de-  Volume  de- 
crease,        crease. 

Per  cent. 
217.0 
200.0 
154.0 
188.0 

Centimeter. 
0.0 
.001 
.018 
.062 

Per  cent. 

0.0 
.1 
.88 

1.08 

Per  cent. 
90.0 
88.4 
67.0 
51.1 

Centimeter. 

0.181 

.214 

.278 

.872 

Percent. 
8.8 
4.46 
6.81 
7.68 

From  the  curve  it  will  be  seen  that  beginning  at  217  per  cent  of 
moisture,  which  represents  the  saturation  limit,  there  is  very  little 
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Fig.  18. — Apparent-speclflc-gravity-moisture  results  for  Leonardtown  loam. 

decrease  in  volume  over  a  wide  range  of  moisture  content.  At  140 
per  cent  of  water  there  is  a  sharp  contraction  in  the  volume  which 
continues  down  to  45  per  cent,  the  air-dry  condition. 

A  series  of  check  results 
was  obtained  by  the  cathe- 
tometer  method,  and  is 
given  in  Table  XXVI  and 
figure  20.  The  results  are 
quite  like  those  obtained  by 
the  column  method,  indi- 
cating that  there  is  a  large 
change  between  about  140 
per  cent  of  moisture  and 
the  air  -  dry  condition.  It 
follows  that  this  soil  ex- 
hibits the  same  critical  changes  in  physical  properties  at  the  optimum 
water  content  as  were  found  in  the  other  soils. 
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-  Volume- moisture  results  for  Muck  by  the 
soil  column  method. 
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Table  XXVI. — Volume-moisture  relations  for  muck  by  the  cathetometer  metJtod. 


Molflture 

Linear 

Yolume 

content. 

decrease. 

decrease. 

Percent. 

OgnHmeler. 

Per  cent. 

210 

0.0 

0.0 

185 

.0 

.0 

164 

.0 

.0 

120 

.01 

.76 

84 

.06 

2.4 
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PiQ.    20. — Volume  -  moisture    results    for 
Muck  by  the  cathetometer  method. 


In  figure  8  corresponding  results  for  penetration  and  apparent 

specific  gravity  are  given,  the  ab- 
scissas being  common  to  both 
curves.  It  will  be  seen  that  the 
two  curves  are  similar,  indicating 
that  it  is  possible  to  work  this  soil 
into  the  loosest  condition  at  120 
per  cent  of  moisture,  at  which 
point  the  soil  is  in  the  best  pos- 
sible agricultural  condition.  On 
the  addition  of  water  beyond  this 
point  the  soil  soon  becomes  too 

wet  to  be  easily  worked,  as  might  be  predicted  from  the  rapid  rise 

of  the  penetration  curve. 

SXTCCESSIVE  WETTING  AND  DBYINO. 
Objects  of  experiments. 

In  studying  the  relation  between  volume  change  and  moisture  con- 
tent one  must  consider  what  constitutes  "  natural "  packing  in  the 
soil.  It  is  known  that  there  are  large  volume  changes  in  soils  under 
field  conditions  whenever  the  soil  is  dried  or  wetted.  These  volume 
changes  render  it  highly  improbable  that  the  soil  will  stay  in  any 
condition  of  packing  imposed  by  an  external  agency.  It  is  a  matter 
of  common  observation  that  when  a  soil  is  put  into  a  loose  condition 
by  cultivation  or  other  means  and  subsequently  left  undisturbed  it 
will  settle  back  in  time  nearly  to  its  original  volume.  The  relation 
between  the  change  in  volume  due  to  settling  and  the  change  in  vol- 
ume due  to  a  variation  in  moisture  content  was  therefore  investigated. 

Experimental  methods. 

The  methods  of  measuring  the  volume  changes  were  the  same  as  in 
the  volume  work  described  above.  When  the  soil  had  gone  through 
the  process  of  drying  out  once  it  was  wetted  by  capillary  rise  without 
in  any  other  way  disturbing  it.  A  complete  record  of  the  volume 
measurements  was  obtained  while  the  soil  was  drying  out;  the  total 
change  in  volume  diie  to  wetting  was  observed  without  obtaining 
measurements  for  the  intermediate  moisture  contents.  This  cvcle 
could  be  repeated  any  number  of  times,  and  the  variation  in  soil  vol- 
ume due  to  continued  wetting  and  drying  could  be  readily  followed. 
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Besolts  for  Miami  black  clay  loam. 

The  results  of  a  set  of  measurements  by  the  soil-column  method 
for  Miami  black  clay  loam  in  which  the  original  sample  was  in  fairly 
loose  condition  are  given  in  Table  XXVII.  For  each  cycle  the  vol- 
ume decrease  has  been  given  in  cubic  centimeters  and  in  per  cent.  In 
the  last  column  is  given  the  total  volume  decrease  referred  to  the 
original  volume.  The  separate  curves  are  referred  to  the  same 
standard  for  comparison,  i.  e.,  the  original  volume  of  the  sample. 

Table  XXVII. — Volume  changes  for  the  continued  wetting  and  drying  of  a  loose 
sample  of  Miami  black  loam,     (Soil  column  method,)    • 


Changes  during 

Total  c) 

lianges 

Changes  during,  Total  changes 

separate  dry- 

from  original ; 

« 

separate  dry- 

from original 

Moia- 
ture 
con- 
tent. 

Lenirth 
of  col- 
nmn. 

Ini 

Linear 
de- 

Rs. 

condl 

Linear 
de- 

tlon. 

cle. 

Mois- 
ture 
con- 
tent. 

Length 
of  col- 
umn. 

ings. 

condi 

Linear 
de- 

tion. 

cfe. 

Vol- 
ume 
de- 

Vol- 
ume 
de- 

Linear 
de- 

Vol- 
ume 
de- 

Vol- 
ume 
de- 

crease. 

crease. 

crease. 

crease. 

crease. 

crease. 

crease. 

oreaw. 

Cubic 

OuMc 

Ctthic 

Cubic 

Per 

CenU- 

CetUi- 

cenH- 

CerUi- 

cerUi- 

Fer 

CenHr 

OenH- 

catti- 

Genii- 

centi- 

cent. 

meten. 

meter. 

meters. 

meters. 

metert. 

cent. 

meterg. 

metfr. 

metera. 

meter%. 

[meten. 

68.2 

13.989 

0.0 

0.0 

0.0 

0.0 

58.8 
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.973 

19.9 

10.8 

18.092 

.444 

9.1 
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.587 

11.1 
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13.218 

.0 

.0 

.782 
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.559 

11.5 

L028 
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5 

34.8 

18. 161 

.067 

1.4 

.859 

17.3 

6.7 

12,972 

.564 

11.6 

1.028 

2L4 

2.9 

13.071 

.147 

3.1 

.929 

19.0 

From  the  data  for  total  volume  change  it  can  be  seen  that  there  is 
a  decrease  in  volume  on  drying  out  the  wet  sample.  When  the  dry 
soil  is  wet  again,  there  is  an  expansion,  which  is  not,  however,  as  large 
as  the  previous  contraction,  so  that  the  total  effect  for  the  cycle  has 
been  to  reduce  the  volume  of  the  sample.  The  effect  of  continually 
wetting  and  drying  a  loose  sample  of  soil  is  better  seen  from  the 
curves  in  figure  21,  which  have  been  plotted  from  the  data  given  in 
the  above  table. 

The  volume  decrease  for  the  loose  soil  in  drying  from  a  saturated 
to  an  air-dry  condition  was  about  14  per  cent  of  the  original.  This 
change  is  represented  by  curve  1.  On  again  wetting  the  dry  soil,  it 
still  showed  a  volume  of  10  per  cent  less  than  the  original.  If  on  dry- 
ing out  the  second  time  the  moisture  content  had  been  reduced  as  low 

as  it  was  in  the  case  of  curve  1,  the  volume  change  would  have  been 
about  12  per  cent.    This  can  be  seen  by  exterpolating  curve  2  to  a  5 

per  cent  moisture  content. 
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The  volume  change  from  the  original  condition  is  about  23  per 
cent;  hence  at  the  end  of  this  drying  the  soil  occupies  77  per  cent  of  its 
original  volume.  Likewise  when  this  dry  sample  was  wetted  again, 
the  expansion  was  less  than  the  previous  contraction,  so  that  at  the 
end  of  the  second  cycle  the  sample  was  packed  still  more.  The  differ- 
ence, however,  between  states  3  and  2  is  much  less  than  between  2  and 
1.  The  volume  occupied  by  the  soil  after  the  third  wetting  decreased 
13.8  per  cent  on  drying  out,  which  indicates  that,  although  the  sample 


15     20     25     30     35    40     45 
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Fio.  21. — Volume  changes  with  successive  wetting  and  drying  of  loosely  packed  Miami 

black  clay  loam. 

is  packed  more  tightly,  the  contraction  in  passing  from  a  saturated 
to  an  air-dry  condition  remains  about  the  same.  The  results  for  the 
fourth  and  fifth  dryings  are  represented  by  curves  4  and  5,  and* in 
general  indicate  that  the  changes  due  to  successive  wettings  and  dry- 
ings are  more  nearly  identical  and  that  the  sample  is  approaching  a 
condition  of  "  natural  "  packing. 

Bv  the  time  curves  4  and  5  were  obtained  the  soil  column  was  in 
rather  poor  condition,  owing  to  the  fact  that  the  cracks  which  formed 
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on  drying  were  not  repaired  in  the  subsequent  wetting,  so  that  the  soil 
column  developed  points  of  weakness  which  interfered  with  the 
measurements  of  the  total  volume  changes.  For  a  continued  series 
of  this  kind  the  soil  column  method  would  aot  prove  so  satisfactory 
as  a  method  in  which  the  sample  is  contained  in  a  dish  and  the  height 
of  the  soil  surface  measured.  The  former  method  has,  however,  the 
distinct  advantage  of  being  rapid,  since  the  surface  exposed  per  gram 
of  soil  is  relatively  very  much  greater  than  if  the  sample  were  con- 
tained in  a  cup.  It  is  probable  that  the  first  three  curves  are  more 
reliable  than  those  obtained  when  the  soil  column  was  weakened  by 
cracks. 

These  measurements  on  the  continuous  contraction  of  a  loose  sample 
of  Miami  black  clay  loam  lead  to  the  following  conclusions : 

(1)  On  drying  and  wetting  a  loose  sample  of  soil  there  is  a  marked 
hysteresis  effect  in  the  volume  changes,  resulting  in  a  total  contrac- 
tion in  volume  for  a  moisture-change  cycle. 

(2)  On  successive  wettings  and  dryings  this  hysteresis  becomes  less 
and  less.  When  it  disappears  altogether,  the  expansion  on  wetting 
will  be  equal  to  the  contraction  on  drying  and  a  condition  will  have 
been  attained  which  may  be  designated  a  "  natural "  packing  of  the  soil. 

(3)  Curves  1,  2,  and  3  show  that  within  limits  the  contraction 
in  drying  from  a  saturated  to  an  air-dry  condition  is  not  greatly 
dependent  on  the  packing. 

Besults  for  Muck. 

A  sample  of  Muck  in  a 
loose  condition  was  found 
to  give  similar  results  for 
successive  wettings  and 
dryings.  The  contraction 
on  drying  out  the  sample 
the  first  time  was  29.2  per 
cent  of  the  original  vol- 
ume. On  wetting  it  in- 
creased, however,  only  7 
per  cent;  as  the  result, 
therefore,  of  one  cvcle  the 
volume  was  22.2  per  cent 
less  than  originally.  On 
drying  out  the  second  time 
the  volume  decrease  was  7.6  per  cent,  which  made  a  total  volume 
decrease  of  29.8  per  cent. 

That  the  condition  of  natural  packing  in  a  soil  does  npt  represent 
the  closest  possible  packing  is  evident  from  observations  made  on  the 
successive  wetting  and  drying  of  a  very  tightly  packed  sample  of 
Muck.  The  soil,  in  a  moderately  moist  condition,  was  closely  packed 
into  a  cup  and  the  change  in  volume  with  moisture  content  was  fol- 
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Fig.  22. — Volume  changes  with  successive  wetting 
and  drying  of  closely  packed  Muck. 
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lowed  by  the  cathetometer  method.  The  results  stated  in  Table 
XXVIII  are  expressed  in  the  same  manner  as  in  Table  XXVII, 
except  that  when  the  volume  of  the  sample  becomes  greater  than  in 
the  original  condition  the  total  per  cent  decrease  in  volume  is  assigned 
a  negative  value.  The  'original  saturated  condition  is  taken  as  zero 
on  the  percentage  volume  change  scale,  and  increases  and  decreases 
in  volume  are  figured  down  and  up  Respectively  from  this  point. 
The  results  are  more  easily  appreciated  from  the  corresponding  curves 
in  figure  22.  The  curves  have  been  numbered  in  the  order  of  the 
successive  dryings.  On  drying  out  the  original  sample  the  usual 
volume  contraction  is  noted.  The  direction  of  the  change  (not  the 
actual  path)  on  wetting  is  indicated  by  the  arrows  on  the  dotted 
lines.  In  this  case  the  expansion  on  wetting  was  greater  than  the 
previous  contraction,  and  at  the  end  of  cycle  2  the  sample  is  in  looser 
condition  and  occupies  a  greater  volume  than  at  the  end  of  cycle  1. 
Curve  2  again  shows  a  contraction  on  drying  and  a  much  greater 
expansion  on  wetting.  Curve  3  also  shows  the  usual  contraction  on 
drying. 

Table  XXVIII. — Volume  changes  for  the  continued  wetting  and  drying  of  a 
closely  packed  sample  of  Muck  {cathetometer  method). 
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In  comparing  this  with  the  curves  representing  the  continuous 
changes  in  a  loose  sample  (fig.  25)  the  effect  of  continued  wetting  and 
drying  is  seen  to  be  in  an  opposite  direction.  It  is  possible  therefore 
to  pack  a  soil  so  tightly  that  on  continuous  moisture  changes  the 
volume  will  increase.  This  hysteresis  effect  will  cease  when  the  eif- 
pansion  due  to  complete  wetting  just  equals  the  contraction  due  to 
drying  out  to  the  air-dry  condition,  and  the  soil  will  then  be  in  the 
state  of  natural  packing.     It  has  been  suggested  that  within  narrow 
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limits  the  change  in  volume  on  contraction  was  not  greatly  dependent 
on  the  packing.  If  this  were  not  the  case  the  influence  of  packing 
would  have  to  be  considered  in  measurements,  such  as  were  made  by 
WoUny  and  others,  on  the  "  total  "  volume  change  due  to  wetting  and 
drying.  It  has  been  made  clear  that  unless  the  condition  of  natural 
packing  is  realized  the  volume  decrease  in  drying  will  not  be  the 
same  as  the  increase  in  the  subsequent  wetting.  That  the  volume 
changes  obtained  by  previous  investigators  (see  Tables  XIV  and  XV) 
on  wetting  a  soil  were  different  from  those  obtained  for  the  same  soil 
on  drying  was  no  doubt  due  to  the  fact  that  the  samples  were  not  in 
the  condition  of  natural  packing  and  that  the  hysteresis  effects  de- 
scribed above  were  encountered. 

RATE  OF  EVAPORATIOK. 

RELATION   07   BATE   OF   EVAPOBATION   TO   MOISTTJBE   CONTEKT. 

Experimental  methods.- 

Since  vapor  pressure,  and  hence  rate  of  evaporation,  varies  with 
temperature,  reliable  results  could  be  obtained  only  when  the  meas- 
urements were  made  at  constant  temperature.  A  large  air  thermostat 
was  made  for  this  purpose.  In  order  to  cut  down  radiation  the  walls 
were  built  double.  The  heating  was  done  by  electric  lamps  controlled 
by  the  Geer  «  form  of  electric  thermo-regulator.  The  air  was  thor- 
oughly stirred  by  means  of  a  fan,  driven  from  the  outside  by  a  motor. 
By  means  of  this  device  the  temperature  could  be  maintained  con- 
stant within  0.1°  C.  In  order  that  the  humidity  might  remain  con- 
stant during  evaporation  the  samples  were  put  in  desiccators  over  a 
relatively  large  surface  of  95  per  cent  sulphuric  acid,  which  main- 
tained a  partial  vapor  pressure  of  0.1  millimeter  mercury  at  25°  C, 
the  temperature  of  the  thermostat. 

Thus  by  regulating  the  temperature  and  consequently  the  vapor 
pressure  the  conditions  for  evaporation  were  controlled  satisfactorily.'' 

The  method  consisted  of  wetting  to  its  saturation  point  an  amount 
of  soil  equivalent  to  20  grams  of  dry  material.  The  weight  of  the 
bottle  and  soil  was  determined  initially  and  at  frequent  intervals 
during  the  process  of  drying  out  in  the  desiccator.  From  the  loss  in 
weight  and  the  time  between  successive  weighings  the  rate  of  evapor- 
ation was  calculated.  From  the  observed  weight  of  the  soil  and 
bottle  and  the  dry  weight  equivalent  of  the  soil,  the  moisture  content 
at  the  time  of  weighing  was  calculated.  The  calculated  rate  of 
evaporation  was  based  on  the  mean  water  content  prevailing  over 
the  time  in  which  the  loss  was  occurring,  i.  e.,  the  mean  of  the 
moisture  contents  calculated  from  two  successive  weights. 

«Jour.  Phys.  Chem.,  6,  85   (1902). 

^  Under  these  conditiouR  the  rate  of  evaporation  from  a  dish  of  water  should 
of  course  be  constant.    This  was  tried  experimentally  with  satisfactory  results. 
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Besults  for  Podunk  fine  sandy  loam. 

A  series  of  measurements  on  the  rate  of  evaporation  for  Podunk 
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Fig.  23. — Bate-of-^yaporation-moisture  results  for  Podunk  fine  sandy  loam. 
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fine  sandy  loam  is  given  in  Table  XXIX,  and  is  represented  graphic- 
ally in  figure  23. 

Table  XXIX. — Rate  of  evaporation  from  Podunk  fine  sandy  loam  over  95  per 

cent  sulphuric  add  at  25^  C. 


Mean 
moisture 
content. 
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Lofw. 
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per  hour. 
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content. 

Time  in- 
terval. 
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hour. 

Percent. 

Hours. 

Oram. 

Oram. 

Percent. 

Hours. 

Oram. 

Oram. 

27.4 

19.6 

1.0460 

0.0686 

8.7 

14.6 

0.7140 

0.0492 

24.2 

4.6 

.2882 

.0626 

6.8 

9.9 

.4712 

.0476 

21.3 

18.7 

.9210 

.0498 

2.4 

4.0 

.1782 

.0438 

17.8 

9.S 

.4606 

.0494 

1.7 

2.0 

.0719 

.0369 

14.8 

16.3 

.7496 

.0490 

.9 

11.0 

.2446 

.0222 

12.0 

9.9 

.4864 

.0490 

.8 

2.0 

.0097 

.0049 

The  measurements  on  the  rate  of  evaporation  were  begun  when 
the  soil  held  28  per  cent  of  water.  The  first  evaporation  was  prob- 
^  ably     from     the     surface 

■■  ■       ■   J  ^ 


alone,  so  at  first  there  is  a 
small  decrease  in  the  rate 
as  the  water  begins  to 
evaporate  from  the  pore 
spaces.  Beginning  at  22 
per  cent  of  water  and  ex- 
tending over  a  wide  T%j[\ge 
the  rate  of  evaporation  re- 
mains quite  constant.  At 
about  6  or  7  per  cent  a 
change  takes  place,  for  the 
rate  decreases  and  con- 
tinues to  fall  rapidly  as 
the  percentage  of  moisture 
decreases.  Again,  there  is  an  obvious  change  in  the  physical  proper- 
ties of  the  soil  at  the  optimum  water  content. 


J. 


16  24  as  40 


Fio.  24. — Rate-of-evaporation-molBture  results  for 
Miami  black  clay  loam. 
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BesQlts  for  Xiami  black  clay  loam. 

On  account  of  the  high  water  content  at  the  optimum  in  this  soil 
the  rate  of  evaporation  method  was  exceptionally  well  suited  to  fur- 
nish a  comparison  of  the  soil  condition  at  different  water  contents. 
The  optimum  for  Podunk  fine  sandy  loam  lies  so  low  that  the  change 
in  the  curve  for  the  rate  of  evaporation  might  be  supposed  to  be  due  to 
the  relatively  dry  condition  alone.  In  the  present  case  the  optimum 
lies  about  30  per  cent  above  the  air-dry  condition,  so  that  changes  in 
the  character  of  the  curve  for  rate  of  evaporation  will  be  more  sig- 
nificant. The  data  for 
this  curve  were  obtained  in  J 
the  same  way  as  for  Po- 
dunk fine  sandy  loam. 
The  data  and  the  graph- 
ical representation  are 
given  in  Table  XXX  and 
figure  24. 

The  evaporation  curve 
which  was  started  near  60 
per  cent  is  horizontal  for 
about  20  per  cent  decrease 
in  moisture  content,  show- 
ing a  uniform  rate  above 
the    optimum.    At    about 

40  per  cent,  however,  it  gradually  changes  direction,  the  rate  of  evapo- 
ration falling. 

ft 

Table  XXX. — Rate  of  evatHtratian  from  Miami  black  cUvy  loam  over  95  per  cent 

,  sulphuric  acid  at  25"*  C. 
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FiQ.  20. — Ha te-of -evaporation-moisture  results  for 

Leonardtown  loam. 


Mean 
moisture 
content. 
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LoM  per 
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Oram. 

Ptr  ctnt. 
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Oram. 

Oram. 

66.6 

16.7 

0.8198 

0.0491 

29.7 

7.0 

0.8821 

0.0474 

66.4 

9.8 

.4474 

.0481    1 

26.9 

17.0 

.7964 

.0468 

62.4 

16.17 

.7422 

.0489 

22.1 

24.0 

1.0879 

.0458 

4».4 

9.9 

.4802 

.0485    , 

17.1 

24.0 

.9109 

.0879 

46.4 

14.6 

.7166 

.0498 

12.9 

26.26 

.8108 

.0809 

48.4 

9.9 

.4806 

.0486 

9.6 

22.25 

.5716 

.0257 

41.0 

11.0 

.6427 

.0492 

6.7 

24.5 

.4094 

.0192 

87.6 

11.0 

.6411 

.0488 

6.1 

22.75 

.8056 

.0184 

86.4 

6.5 

.8099 

.0477- 

3.7 

28.76 

.2186 

.0090 

82.6 

17.6 

.8295 

.0474 

2.7 

24.25 

.1470 

.0061 

For  Miami  black  clay  loam  the  studies  in  penetration,  apparent 
specific  gravity,  and  rate  of  evaporation  all  indicate  that  the  critical 
moisture  content  which  determines  the  physical  properties  of  this  soil 
lies  between  35  and  40  per  cent,  which  also  is  the  optimum  water  con- 
tent of  the  soil. 
Besults  for  Leonardtown  loam. 

The  measurements  of  rate  of  evaporation  from  Leonardtown  loam 
are  given  in  Table  XXXI  and  figure  25. 
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It  has  been  shown  that  for  this  type  of  soil  the  volume  relations 
at  the  optimum  water  content  do  not  permit  of  very  satisfactory  con- 
clusions. However,  the  penetration  and  evaporation  measurements 
show  critical  changes  at  about  15  per  cent  of  water,  the  optimum 
water  content  of  the  soil. 

Table  XXXI. — ^Rate  of  evaporation  from  Leonardtown  loam,  over  95  per  cent 

sulphuric  acid  at  23'*  C. 


Mean 
moistoro 
content. 

Time 
interval. 

IXWH. 

Loss  per 
hour. 

1 

Percent 
28.2 
24.9 
21.6 
16.4 

HOUTB. 

19.0 
7.26 
19.25 
22.0 

Oram. 

o.9no 

.8556 

.9538 
1.0962 

Oram. 
0.0517 

.0490    , 

.0495 

.0496 

Mean    '     -,,__ 
molKture  j^^Ime 
content,   ^""^rv**- 

LOMR. 

Loss  per 
hour. 

Per  cent.     Hours. 

10.7          24.6 

6.5          22.75 

2.0          24.25 

.7          24.16 

Oram. 

1.1963 
.9193 
.4560 
.0904 

Oram. 

0.0488 
.0404 
.0188 
.0037 

Results  for  muck. 

The  results  for  this  soil  are  given  in  Table  XXXII,  and  have  been 
plotted  in  figure  26.    When  the  soil  in  a  very  wet  condition  was  put 


20 


40 


60  80  100 

pen  CENT     or 


120  140 

MotsTome. 


160 


ISO 


Pig.  126. — Rate-of-evaporat Ion-moisture  results  for  Muck. 


over  sulphuric  acid  in  a  desiccator  there  was  at  first  a  rapid  drop 
in  the  rate  of  evaporation  corresponding  to  the  decrease  as  in  the 
previous  cases  studied.  The  curves,  however,  indicate  that  for  a 
wide  change  in  moisture  content  it  exhibits  very  little  change  in 
the  rate  of  evaporation.  At  about  120  per  cent  there  is  a  rapid 
decrease  in  the  rate  of  evaporation,  indicating  that  the  critical  mois- 
ture content  has  been  reached.  This  decrease  continues  down  to  30 
per  cent,  at  which  point  measurements  were  discontinued. 
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Table  XXXII. — Rate  of  evaporation  from  muck  over  95  per  cent  sulphuric  acid 

at  25'  a 


Mean 
moicttire 
content. 

Time 
Intoiral. 

LOH. 

Loeciper 
hour. 

MeBn 
•moiBtiire 
content. 

Time 
intexTAl. 

LOflB. 

Loeciper 

hoar. 

Houn. 

Oram, 

Oram. 

Per  cent. 

Houri. 

Orams. 

Oram. 

IW 

9.5 

0.6882 

0.0669 

110 

24.0 

1.3288 

0.0651 

183 

15.2 

.9590 

.0682 

96 

24.0 

1.2120 

.0606 

174 

9.85 

.6006 

.0600 

84 

26.8 

1.2882 

.0460 

168 

14.5 

.8689 

.0696 

74 

22.1 

.9329 

.0428 

154 

10.0 

.6618 

.0681 

60 

24.8 

•  wouo 

.0887 

147 

18.0 

.7474 

.0675 

62 

28.0 

.8362 

.0368 

141 

6.5 

.8744 

.0676 

44 

24.0 

.7968 

.0881 

186 

17.5 

.9608 

.0666 

87 

24.0 

.7872 

.0607 

121 

17.0 

.9591 

.0664 

80 

24.5 

.6851 

.0279 
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When  to  a  dry  soil  a  very  small  amount  of  water  is  added  by  put- 
ting the  sample  in  an  atmosphere  saturated  with  vapor,  there  will  be 
a  direct  condensation  on  the  soil  grains,  and  water  will  be  held  partly 
or  entirely  in  thin  films  on  the  surface  of  the  soil  particles.  Owing 
to  an  attraction  between  the  particles  and  the.  water  at  the  surface, 
this  absorbed  moisture  is  held  with  very  great  force,  and  the  wetting 
of  the  soil  grains  is  accompanied  by  an  energy  change  of  considerable 
magnitude.  On  wetting  a  mass  of  dry  soil  the  formation  of  this 
film  in  the  manner  stated  is  accompanied  by  another  effect  due  to  the 
contact  of  soil  grains.  The  fibns  merge,  so  that  a  number  of  soil 
grains  may  be  considered  as  being  covered  by  one  continuous  film, 
and  pulled  together  at  the  points  of  contact  by  the  tension  of  the 
connecting  fihn.  Considering  for  the  moment  the  formation  of  the 
films  around  the  grains,  it  is  evident  that  as  more  water  is  added  to 
the  soil  and  the  films  get  thicker  a  point  will  be  reached  where  the 
surface  attraction  of  the  soil  particle  is  no  longer  strong  enough  to 
retain  more  water,  since  the  surface  force  decreases  rapidly  as  the 
distance  from  the  surface  increases." 

Before  this  point  is  reached,  however,  the  thickness  of  the  water 
films  at  the  point  of  contact  between  the  grains  has  been  increasing 
owing  to  the  film  tension  at  the  points  of  high  curvature  in  the  angles 
between  the  grains.*  The  thin,  wedge-shaped  angles  between  the 
grains  will  act  then  as  capillary  spaces  and  help  to  hold  water.  Since 
the  surface  films  and  capillary  films  merge,  it  is  impossible  to  dis- 
tinguish between  them.    The  forces  exerted  by  these  films  determine 

_M||—  ■■IMI  m  "  m  - !■__■_        -\-  m MLW    ■-■ ^      L     _MM-»^^MI I 

"Bakker,  Zeit.  phys.  Ghem.,  56,  95  (1906). 

5Briggs,  Bill.  No.  10,  Bureau  of  Soils,  U.  S.  Dept  Agr.  (1887). 
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the  changes  in  the  internal  arrangement  of  the  soil  particles  and  the 
physical  characteristics  of  the  soil. 

EFFECT  OF  MOISTXTBE  BISTBIBXmOK  ON  VOLITME  CHAKOES. 

When  a  soil  is  saturated  with  water  the  pore  spaces  are  filled.  As- 
suming that  thevse  soil  capillary  tubes  are  continuous  and  of  uniform 
diameter,  the  capillary  force  holding  the  water  is  equal  to  the  pull  in 
an  ordinary  capillary  tube  of  a  similar  size.  In  comparison  with  the 
capillary  spaces  occurring  at  the  contact  of  the  soil  grains,  these 
tubes  are  large,  so  that  the  capillary  force  exerted  by  them  is  rela- 
tively small.  Since 'the  water  in  the  large  spaces  is  not  held  by  great 
force,  it  will  be  the  first  to  evaporate  and  will  have  but  little  effect  in 
changing  the  arrangement  of  the  grains.  As  evaporation  proceeds  a 
point  will  be  reached  where  the  water  begins  to  evaporate  from  the 
fine  capillary  spaces,  which  include  the  angles  between  the  soil  grains. 
At  this  point  the  forces  of  film  tension  becpme  more  noticeable.  As 
the  water  held  between  the  soil  grains  diminishes  and  retreats  farther 
and  farther  into  the  angles,  the  surface  film  stretches,  increasing  the 
film  tension  and  pulling  the  soil  grains  inclosed  by  it  still  closer  to- 
gether, thus  producing  a  contraction  in  the  volume  occupied  by  the 
soil.  The  point  where  the  effective  film  forces  are  just  sufficient  to 
cause  changes  in  the  internal  soil  arrangement  will  be  designated  the 
"  critical  moisture  content."  As  evaporation  continues  still  further 
the  surface  films  around  the  grains  and  the  capillary  wedges  held 
between  the  grains  become  thinner.  The  surface  film  forces  continue 
to  increase;  hence  the  volume  should  steadily  decrease  until  the  soil 
reaches  an  air-dry  condition. 

It  is  evident  from  the  data  given  for  the  volume  changes  in  Podunk 
fine  sandy  loam  that  the  above  consideration  is  substantiated  by  ex- 
perimental facts,  and  even  more  strongly  by  the  volume  changes 
observed  with  the  other  soils.  Take,  for  example,  Podunk  fine  sandy 
loam  with  about  14  per  cent  of  water. '  At  this  point  the  large  pore 
spaces  contain  considerable  water,  and  as  the  soil  dries  out  this  water 
will  be  the  first  to  disappear.  Since  the  large  capillary  tubes  consti- 
tute a  relatively  large  part  of  the  soil  space  available  for  wat^r,  they 
will  hold  a  considerable  percentage  of  the  water  when  the  soil  is 
saturated.  This  will  be  particularly  true  in  this  soil,  a  sand,  where 
the  single  intergranular  spaces  are  large,  owing  to  the  size  of  the  soil' 
particles.  The  withdrawal  of  water  from  the  larger  pore  spaces  will 
therefore  cause  a  large  decrease  in  the  moisture  content  of  the  soil. 
When  the  moisture  content  of  the  soil  is  about  6  per  cent,  the  critical 
water  content  is  reached  and  a  change  in  volume  begins. 

It  will  be  remembered  that  for  volume  changes  in  Podunk  fine 
sandy  loam  a  large  volume  contraction  occurred  between  33  and  18 
per  cent  of  water,  between  which  limits  the  soil  is  too  wet  to  ascribe 
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the  variation  to  the  tension  of  the  surface  films.  As  the  measure- 
ments were  made  on  fairly  loose  samples  of  soil,  it  is  quite  possible 
that  this  volume  change  was  caused  simply  by  a  gradual  settling  of 
the  wet  soil  particles.  When  wet  beyond  a  certain  point  a  sand  be- 
comes incoherent.  The  soil  aggregates  seem  to  break  down  and  the 
grains  slip  easily  over  one  another,  the  excess  of  water  acting  as  a 
lubricant  and  reducing  the  friction  between  the  grains.  It  is  pos- 
sible that  the  volume  changes  occurring  near  the  saturation  point  may 
also,  in  part,  be  due  to  a  tendency  of  the  free  water  to  buoy  up  the 
soil  grains  and  in  this  way  decrease  the  packing  of  the  grains  by 
lowering  the  effective  spedfic  gravity  of  the  individual  grains.  As 
the  wet^oil  dries  out,  this  tendency  decreases  and  vanishes  at  a  con- 
tent of  water  a  little  below  the  saturation  point. 

The  larger  volume  changes  due  to  addition  of  water  in«clay  soils  is 
sometimes  attributed  to  the  presence  of  large  amounts  of  colloidal 
material,  which  is  supposed  to  imbibe  the  water  and  swell  like  starch 
grains."  This  view  can  easily  be  brought  into  agreement  with  the 
above  theory  of  volume  change.  The  question  of  absorption  in  a  cell 
has  been  quite  fully  considered  by  Kauffler  *»  and  it  has  been  shown  by 
Patten*  that  absorption  with  imbibition  can  be  considered  as  a  special 
case  under  absorption.  For  our  purpose,  therefore,  it  makes  no  dif- 
ference whether  the  volume  change  is  due  to  action  on  the  exterior 
surface  of  the  particles  or  to  imbibition  accompanied  by  an  increase  in 
size  of  the  particles.  In  the  case  of  a  peat  soil,  for  example,  it  seems 
entirely  reasonable  that  on  account  of  the  nature  of  the  material  a 
large  change  in  volume  is  due  to  imbibition  and  swelling  of  the  cells. 
There  is  no  reason  why  a  similar  view  should  not  be  held  for  clay, 
although  here  it  is  quite  possible  to  explain  the  phenomena  without 
recourse  to  this  idea.  The  volume  changes  in  clay  are  very  much 
greater  than  in  sand.  On  account  of  the  large  difference  in  soil  sur- 
face in  a  similar  volume  of  the  two  classes,  we  would  also  expect  the 
capillary  and  film  effects  in  clay  to  be  very  much  greater.  The  pro- 
portion of  the  relative  areas  exposed  by  equal  volumes  of  very  fine 
sand  and  of  clay  may  be  as  great  as  1  to  300,  a  difference  Which  is 
quite  suflBcient  to  explain  the  large  differences  in  volume  changes  in 
the  two  soils,  on  the  basis  of  surface  absorption  and  surface  tension. 

EITECT   OF   MOISTUBE   DISTBIBUTIGN   OH  PENETKATION. 

Having  shown  that  volume  changes  in  soils  can  be  explained  on  the 
basis  of  the  forces  exerted  by  the  capillary  and  surface  films  around 
the  grains,  and  that  the  critical  water  content  for  volume-change  and 
that  for  penetration  are  identical,  it  remains  to  be  seen  how  the  above 
considerations  regarding  the  distribution  of  water  in  the  soil  explain 
the  phenomena  observed  in  the  penetration  experiments. 

»Zelt  phys.  Chem.,  48,  686  (1903). 

^  Trans.  Am.  Electrochem.  Soc.,  11  (1907). 
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Consider  first  the  case  of  penetration  under  conditions  of  loose 
structure.  The  variations  in  the  penetrability  of  the  soil  were  attrib- 
uted to  the  ability  of  the  soil  grains  to  arrange  themselves  into  aggre- 
gates. In  a  dry  soil  the  cohesion  between  the  grains  is  that  of  one 
dry,  solid  body  for  another,  and  is  readily  seen  to  be  small.  The 
particles  are  thus  quite  free  to  move  each  other  and  tend  to  settle 
down  into  a  compact  condition.  When  a  small  amount  of  water  is 
added  to  the  soil,  it  gathers  over  the  surface  as  films  and  settles  into 
the  angles  between  the  soil  grains.  The  cohesion  of  the  soil  particles 
increases  and  the  action  of  surface  tension  promotes  the  formation 
of  floccules  and  increases  the  possibility  of  building  up  the  soil  into 
a  loose  structure.  As  more  water  is  added  the  thickness  of  the  films 
and  the  amount  of  water  held  in  the  angles  between  the  grains  in- 
crease, the  cohesion  increases,  and  the  soil  responds  better  to  culti- 
vation. This  effect  reaches  a  maximum  when  the  amount  of  water 
that  can  be  held  in  this  way  reaches  a  maximum,  and  will  be  indi- 
cated by  the  fact  that  a  minimum  amount  of  force  will  be  necessary 
to  penetrate  the  soil  sample.  Since  the  loosely  arranged  soil  grains 
in  this  condition  occupy  the  smallest  possible  percentage  of  the  total 
volume  of  the  soil,  the  remainder  of  volume  being  taken  up  by  air, 
the  resistance  to  the  introduction  of  a  penetrating  tool  is  a  minimum 
at  this  point. 

The  further  addition  of  water  beyond  the  critical  moisture  content 
begins  to  fill  up  the  larger  pore  spaces  and  to  flood  the  soil.  The  soil 
aggregates  begin  to  break  down,  thereby  increasing  the  force  neces- 
sary for  penetration.  This  is  shown  by  a  gradual  rise  in  the  penetra- 
tion curve  beyond  the  minimum.  Parallel  results  are,  of  course,  indi- 
cated on  the  apparent  specific  gravity  curves.  The  variations  in  pen- 
etration with  moisture  content  is  therefore  related  to  differences  in 
the  distribution  of  water  in  the  soil. 

This  same  theory  of  soil  moisture  distribution  accounts  for  the 
penetration  results  obtained  by  the  Puchner  method,  where  the  criti- 
cal water  content  for  penetration  was  indicated  bj^  a  maximum.  As 
dry  soil  was  packed  into  the  containing  vessel,  the  sample  can  be 
considered  to  represent  a  "  single  grain  structure."  The  wetting  oi 
this  dry  sample  must  have  been  accompanied  by  an  increase  in  voT- 
unle,  which  caused  an  upward  movement  of  the  soil  surface  and  a 
horizontal  thrust  upon  the  sides  of  the  vessel.  This  acted  as  a  pack- 
ing force  to  the  already  close  arrangement.  The  wetting  of  the  soil 
also  caused  an  increase  in  cohesion,  as  has  been  pointed  out  above.  If 
the  penetration  measurements,  therefore,  had  been  made  first  on  the 
dry  sample  and  then  on  the  sample  corresponding  to  the  maximum 
cohesion,  there  should  be  noted  an  increase  in  the  penetration  value. 
When  a  soil  is  saturated  with  water,  the  flotation  effect  tends  to  sus- 
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pend  the  particles  and  decrease  the  packing.  The  excess  of  water, 
which  renders  the  soil  incoherent,  acts  as  a  lubricant,  and  increases 
the  ease  with  which  the  soil  grains  slide  over  each  other.  At  satura- 
tion this  effect  is  greatest,  so  that  the  resistance  to  penetration  is 
least.  As  the  percentage  of  water  decreases,  this  effect  decreases,  and 
the  penetration  values  rise  as  shown  by  the  curves.  When  the  water 
disappears  from  the  larger  pore  spaces,  the  critical  moisture  content 
and  the  point  of  maximum  cohesion  is  reached,  at  which  point  the 
packing  effect  due  to  wetting  the  soil  in  a  confined  space  is  still  in 
force  so  that  the  penetration  value  is  high.  As  the  amount  of  water 
further  decreases  there  is  a  decrease  in  volume  due  to  drying  as 
already  shown  and  a  corresponding  diminution  of  this  horizontal 
thrust  on  the  walls  of  the  dish  which  causes  a  decrease  in  the  pene- 
tration value.  Therefore  for  a  soil  sample  treated  in  this  way  the 
maximum  force  required  for  penjetration  is  necessary  at  the  critical 
moisture  content.  In  the  case  of  Podunk  fine  sandy  loam  the  occur- 
rence of  the  critical  point  in  the  penetration-moisture  relations  in 
both  methods  of  measurement  at  about  6  per  cent  of  moisture  is  not  a 
mere  coincidence,  but  is  due  to  the  same  fundamental  forces  exerted 
by  a  certain  quantity  of  soil  moisture  in  its  distribution  upon  the  soil 
particles. 

The  change  in  the  physical  properties  of  a  soil  may  be  referred  to 
one  particular  percentage  of  water  only  in  case  the  distribution  of 
the  water  in  the  soil  is  entirely  uniform,  which  condition  of  course 
does  not  occur  ordinarily.  The  distribution  of  water  is  affected  in 
some  measure  by  the  size  of  the  grains,  irregularities  in  packing, 
gravity,  and  other  variables  which  can  not  be  controlled.  The  condi- 
tion which  has  been  described  as  influencing  the  internal  arrangement 
of  the  soil  grains  can  not  then  be  correctly  ascribed  to  a  single  point/ 
in  the  moisture  variation,  but  must  be  considered  as  operating  over 
a  more  or  less  narrow  range  of  moisture  content  and  subject  to  slight 
variation  from  sample  to  sample  of  one  soil.  Also,  the  measurement 
of  this  range  may  give  slightly  different  results,  depending  on  the 
method  used.  From  a  theoretical  point  of  view  the  variation  in 
range  due  to  differences  in  the  conditions  prevailing  does  not  detract 
from  the  value  of  the  results  or  of  the  conclusions  reached,  since  the 
cause  of  this  variation  is  clear. 

EFFECT  OF  MOISTXJEE  DISTBTBUTIGN  ON  BATE  OF  EVAPOBATIOH. 

A  further  confirmation  of  the  view  that  the  content  of  soil  moisture 
determines  the  physical  properties  of  the  soil  is  furnished  by  the 
investigation  on  the  rate  of  evaporation  of  soil  water  from  soils  con- 
taining different  percentages  of  water.  It  has  been  pointed  out  that 
a  great  difference  must  exist  between  the  forces  with  which  the  water 
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is  held  in  the  larger  pore  spaces  and  in  the  capillary  angles  between 
the  grains.  From  this  the  conclusion  follows  that  there  must  be  a 
corresponding  difference  in  the  rate  of  evaporation. 

As  the  water  evaporates  out  of  the  larger  pore  spaces,  the  rate  of 
evaporation  will  be  determined  by  diffusion  and  by  the  forces  of 
capillarity.  Since  a  considerable  quantity  of  the  total  soil  water  is 
held  in  the  larger  pore  spaces  and  since  the  capillary  pull  in  these 
spaces  is  not  great  in  comparison  with  the  forces  exerted  in  the  fine 
angles  between  the  grains,  the  influence  of  capillarity  upon  evapora- 
tion from  the  large  spaces  will  be  relatively  small.  In  relation  to  the 
rate  of  evaporation  much  of  the  intergranular  space  can  be  considered 
to  be  of  the  same  order  of  magnitude,  for  which  reason  the  rate  of 
evaporation  over  a  considerable  range  will  not  decrease  very  rapidly 
while  the  soil  is  drying  out.  As  the  evaporation  continues  the  water 
held  in  these  pores  will  disappear,  and  the  soil  water  will  be  distrib- 
uted almost^  entirely  in-  the  fine  capillary  angles  between  the  soil 
grains  and  on  the  grains  as  films,  where  the  greater  capillarity  holds 
it  more  strongly.  Below  this  critical  moisture  content  there  will  be  a 
gradual  falling  off  in  the  rate  of  evaporation,  due  to  the  increasing 
attractions  between  the  water  and  the  soil,  causing  a  lowering  of  the 
vapor  pressure  of  the  absorbed  films.  WTiere  the  thickness  of  the 
film  is  such  that  the  surface  attraction  just  begins  to  cause  a  lowering 
in  the  vapor  pressure  of  the  film,  the  equilibrium  point  between  the 
soil  moisture  and  a  saturated  atmosphere  of  water  vapor  is  reached, 
and  in  such  an  atmosphere  no  further  evaporation  of  water  from  the 
soil  grains  takes  place.  In  the  open  air,  however,  we  are  not  dealing 
usually  with  a  saturated  atmosphere,  and  so  evaporation  will  continue 
from  the  soil,  but  under  constantly  decreasing  vapor  pressure  of  the 
absorbed  water,  which  in  turn  will  cause  a  corresponding  decrease  in 
the  rate  of  evaporation.  When  the  vapor  pressure  of  the  soil  films 
corres|)onds  to  the  partial  pressure  of  the  moisture  in  the  atmosphere, 
evaporation  will  cease,  equilibrium  having  been  reached  between  the 
vapor  in  the  air  and  the  film  water. 

Below  the  critical  moisture  content  there  will  be  a  decrease  in  the 
rate  of  evaporation  due,  first,  to  slower  diffusion  of  the  water  vapor 
from  the  finer  capillary  spaces,  and,  second,  to  an  increase  in  the 
film  tension  accompanied  by  a  decrease  in  the  vapor  pressure  of  the 
film  water.  These  two  effects  merge  gradually  one  into  another,  so. 
that  a  smooth  curve  showing  the  decrease  in  evaporation  is  the  result, 
the  rapid  decrease  in  evaporation  beginning  when  the  water  in  the 
larger  pore  spaces  has  nearly  disappeared. 

CBITICAL  MOISTXJBE  CONTENT  AND  MOISTUBE  EQUIVALENT. 

That  there  is  a  connection  between  the  critical  moisture  content 
and  the  distribution  of  soil  moisture  follows,  also,  from  recent  work 
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done  in  this  Bureau.**  By  means  of  a  centrifugal  machine  a  wet  soil 
sample  was  subjected  to  a  force  about  3,000  times  that  of  gravity, 
which  tended  to  throw  the  water  from  the  soil.  Even  when  sub- 
jectec}  to  such  a  force  it  was  impossible  to  reduce  the  soil  sample  to 
an  approximately  dry  condition;  in  fact,  the  resulting  soil  sam- 
ples contained  enough  moisture  to  correspond  to  good  field  condi- 
tion. It  is  evident  from  this  that  part  of  the  water  is  held  in  the 
soil  by  very  strong  forces.  The  only  moisture  removed  from  the  soil 
was  that  held  in  the  larger  pore  spaces.  When  the  moisture  content 
of  the  soil  is  reduced  to  the  point  where  the  water  is  held  in  the 
form  of  films  and  as  capillary  water  between  the  soil  grains,  it  is 
retained  more  tenaciously.  It  was  also  pointed  out  that  the  amount 
of  water  removed  from  the  soil  is  not  directly  proportional  to  the 
centrifugal  force  used ;  that  is,  the  soil  can  be  reduced  from  very  wet 
to  a  medium  condition  by  a  relatively  small  force.  If  at  this  point 
the  speed  be  doubled,  which  means  that  the  centrifugal  force  will  be 
quadrupled,  the  further  reduction  of  moisture  content  is  compara- 
tively small.  This  is  in  agreement  with  the  conclusions  reached  from 
the  present  studies  on  the  rate  of  evaporation  from  soils.  Instead 
of  measuring  the  retentiveness  of  the  soil  in  terms  of  centrifugal 
force,  here  the  effect  of  such  a  retentiveness  on  the  rate  of  evapora- 
tion has  been  measured.  When  the  soil  moisture  is  held  in  the  larger 
pore  spaces,  the  rate  of  evaporation  is  fairly  constant  and  not  very 
much  less  than  would  be  obtained  under  similar  conditions  from  a 
free  water  surface.  In  other  words,  the  retentiveness  of  the  soil  is 
not  very  great  as  indicated  by  the  rate  at  which  that  part  of  the  soil 
moisture  evaporates.  However,  when  the  critical  moisture  content 
is  reached,  the  rate  of  evaporation  immediately  begins  to  decrease, 
indicating  that  the  soil  water  is  held  by  greater  forces  in  the  finer 
capillary  spaces.  As  the  water  surfaces  retreat  farther  into  the  angles 
between  the  grains  and  the  films  on  the  grains  become  thinner,  the 
forces  holding  the  soil  moisture  in  placfe  increase;  this  in  turn  pro- 
duces a  decrease  in  the  rate  of  evaporation.  The  results  obtained  by 
the  centrifugal  method  agree  with  the  rate  of  evaporation  results, 
indicating  the  point  at  which  the  larger  soil  forces  come  into  play. 
To  compare  these  two  methods  of  studying  the  distribution  of  soil 
moisture  one  may  use  the  measurements  of  Briggs  and  McLane  on 
Norfolk  fine  sandy  loam  and  the  measurements  above  recorded  on 
Podunk  fine  sandy  loam.  The  Norfolk  fine  sandy  loam  very  closely 
i*esembles  the  Podunk  fine  sandy  loam  in  its  physical  characteristics. 
This  similarity  is  shown  in  part  by  the  comparison  of  the  mechanical 
analyses  of  the  two  soils  given  in  Table  XXXII. 

a  Briggs  and  McLane.  Bui.  No.  45,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1907). 
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Table   XXXIII. — Mechanical   analyses   of  Podunk   fine   sandy  loam   and'  of 

Norfolk  fine  sandy  loam. 


Sou. 

Fine 
gravel, 
lto2 
milli- 
meters. 

Ckwrse 
sand, 
1  to  0.5 
milli- 
meter. 

Medium 
sand, 

0.5to0.25 
milli- 
meter. 

Fine 
sand. 
0.25  toO.l 
milli- 
meter. 

Very  fine 
sand, 

0.1  to  0.05 
milli- 
meter. 

Silt. 
0.06  to 

0.005 
milli- 
meter. 

Clay, 
0.006  to0.0 
milli- 
meter. 

Norfolk  fine  sandy  loam 

Podunk  fine  sandy  loam 

0 
0 

0.5 
0 

4.8 
1.0 

54.6 
47.6 

18.4 
SO.  4 

18.1 
18.8 

8.5 
2.2 

From  this  comparison  it  is  seen  that  both  soils  contain  a  larger 
percentage  of  fine  sand  than  of  any  other  separate  and  that  the  quanti- 
ties in  the  two  soils  are  comparable.  The  Podunk  soil  contains 
somewhat  more  very  fine  sand  than  the  Norfolk  soil.  The  amount  of- 
silt  is  the  same  in  both  cases,  but  the  amount  of  clay  in  the  Podunk 
fine  sandy  loam  is  less  than  in  the  Norfolk  fine  sandy  loam.  By 
means  of  the  centrifugal  method  the  "  moisture  equivalent "  was 
found  to  be  6.5  per  cent  of  moisture.  The  critical  condition  of  soil 
moisture  for  Podunk  fine  sandy  loam,  determined  by  the  rate  of 
evaporation  method,  was  found  to  be  6  per  cent,  which  is  in  agree- 
ment with  the  critical  moisture  value  for  this  same  soil  as  determined 
from  the  penetration  and  volume-change  studies.  The  value  ob- 
tained from  the  similar  Norfolk  fine  sandy  loam  by  the  centrifugal 
method  is  just  a  little  higher,  which  may  easily  be  attributed  to  the 
higher  clay  content  of  that  soil,  since  we  know  that  the  clay  in  a  soil 
exerts  a  large  influence  on  its  water-holding  power.  As  no  deter- 
minations are  available  for  the  "  moisture  equivalent "  of  Muck 
or  of  the  Miami  black  clay  loam,  there  is  no  basis  for  comparison  of 
these  results.  It  is  possible,  however,  to  compare  the  sample  of  Leon- 
ardtown  loam  used  in  our  investigations  with  a  llagerstown  silt  loam 
and  a  Clarksville  silt  loam,  studied  in  the  centrifugal  work  of  Briggs 
and  McLane. 

A  comparison  of  the  mechanical  composition  of  these  three  soils  is 
given  in  Table  XXXIV. 

Table  XXXIV. — Mechanical  analyses  of  Leonardtown  loam,  of  Clarksville  silt 

loamy  and  of  Hagerstoton  silt  loam. 


Soil. 

Or- 

ganic 

matter. 

Gravel, 
2tol 
milli- 
meters. 

Coarse 
sand, 
1  to  0.5 
milli- 
meter. 

Medium 
sand, 

0.6  to  0.25 
milli- 
meter. 

Fine 
sand, 
0.25  to  0.1 
milli- 
meter. 

Very  fine 
sand, 

0.1  to  0.05 
milli- 
meter. 

Silt,  0.05 
to  0.005 
milli- 
meter. 

Clay, 

0.005  to0.0 

milli- 

meter. 

Leonardtown  loam ... 

0.1 

1.2 

.8 

1.2 

1.4 

.6 

0.9 

.9 

1.5 

8.1 
2.0 
9.1 

6.4 

5.6 

10.6 

70.9 

.  78.2 

60.8 

16.7 

Clarksville  silt  loam .. 
Ha^ntown  silt  loam. 

1.2 
1.0 

14.8 
17.4 

Clarksville  silt  loam  more  closelv  resembles  the  Leonardtown  loam 
than  does  the  Hagerstown  silt  loam.  In  all  of  these  soils  silt  is  in 
excess,  varying  from  60.3  to  73.2  per  cent  for  the  three  soils.    As 
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regards  this  point,  the  Leonardtown  and  the  Clarksville  soils  are 
closely  comparabte.  The  clay  contents  are  about  the  same,  being 
slightly  higher  in  the  Hagerstown  silt  loam.  The  "  critical  moisture 
centent"  was  found  to  be  about  15  per  cent  fer  the  Leonardtown 
loam.  The  "  moisture  equivalent,"  as  determined  by  the  centrifugal 
method,  for  the  Claricsville  soil  was  15.1  and  for  the  Hagerstown 
sample  16.5.  From  the  close  similarity  in  the  mechanical  composi- 
tion and  in  the  moisture  values  given,  it  would  appear  that  the 
critical  moisture  content  corresponds  to  the  moisture  equivalent  as 
determined  by  the  centrifugal  method,  as  well  as  to  the  optimum 
water  content,  as  determined  by  plant  growth  and  cultural  practices. 

OPnXUM  WATEB  CONTENT  AS  SEOABDS  PLANT  GBOWTH. 

The  usual  definition  of  optimum  water  content  is  that  amount  of 
water  in  the  soil  which  is  best  suited  to  plant  growth.  But  no 
emphasis  has  been  placed  on  this  during  the  course  of  the  previous 
discussion,  where  it  has  been  spoken  of  more  often  as  the  amount  of 
water  determining  the  best  physical  condition  of  the  soil.  It  can  be 
shown  that  the  amount  of  water  determining  the  best  physical  condi- 
tion of  the  soil  is  generally  Ae  amount  of  water  most  favorable  to 
plant  growth.  In  this  connection  some  evidence  is  given  Iby  Hein- 
rich,"  who  determined  the  amount  of  water  present  in  the  soil  when 
wilting  of  plants  begins.  In  the  six  soils  used  determinations  were 
made  of  the  point  of  saturation,  of  the  moisture  content  at  which 
plants  wilt,  and  also  of  the  hygroscopic  water  content.  This  last  was 
done  by  spreading  the  soil  on  a  watch  glass  and  exposing  it  for  a  week 
to  an  atmosphere  saturated  with  water  vapor.  The  results  of  this 
investigation  are  given  in  Table  XXXV. 

Table  XXXV. — Relation  hettceen  hygroscopic  moisture  content  and  moisture 
content  at  which  plants  begin  to  wilt,  according  to  Heinrich. 


Soil. 


Ooftneiand ...» 

Medium  fertile  garden  soil 

Infertile  sandy  mack 

Sandy  loam 

Very  fertile  calcareoos  soil 
Peat  soil 


Water  con- 
tent at 
saturation. 


Per  cent. 
26.5 
48.9 
41.4 
4S.3 
88.8 
274.0 


Hygro- 
scopic wa- 
ter con- 
tent. 


Moisture 

content  at 

which 

plants  be- 
gin to  wilt 


Percent. 
0.42 
1.68 
.97 
2.40 
8.65 
20.6 


Percent. 
1.6 
4.6 
6.2 
7.8 
9.8 
49.7 


Frpm  this  table  it  is  evident  that  hygroscopic  water  is  not  sufficient 
to  supply  the  needs  of  a  plant,  but  it  indicates  also  that  the  plant 
can  exist  on  a  relatively  small  amount  of  water.  In  comparison 
with  the  moisture  content  at  which  wilting  occurs,  the  amount  pres- 


aZweiter  Ber.  Landw.  Vers.-Stat.  Rostock,  1894,  19. 
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ent  in  the  soil  at  the  critical  moisture  content  is  large  indeed,  and 

seems  to  be  entirely  sufficient  for  good  plant  growth.     A  possible 

objection  is  that  the  optimum  water  content  is  not  the  same  for  all 

plants,  but  from  the  above  consideration  it  is  evident  that  at  the 

critical  water  content  enough  water  is  present  for  a  good,  if  not  an 

optimum,  plant  growth.     In   further  experiments  on   two  soils  in 

continuation  of  the  experiments  just   described  the  wilting  points 

were  determined  for  a  large  number  of  field  crops.     These  results 
are  given  in  Table  XXXVI. 

Table  XXXVI. — Moisture  content  at  which  tcilting  begins  for  two  soils^  accord- 
ing to  Heinrich, 


Plam. 

Moisture  content  -et 
which  planta  b^ln 
to  wilt. 

m 

On  calca- 
reous soil. 

On  peaty 
soil. 

• 

Oata 

Percejit. 
8.4 
9.98 
9..'V5 

Per  cetU. 
3.28 

Barley 

33.3 

Rye 

32.8 

Wheat 

43.6 

Com 

7.91 

French  rve irraaK  ( Arrhenatherum  cUUius) 

38.2 

EDflrlish  rve  crraxs 

33.1 

Meadow  foxtail 

34.2 

Soft  brome  Krass 

32.8 

Red  clover 

10.28 
8.77 
9.24 

84.3 

Sweet  clover 

Lambs  clover 

Crimson  clover 

34.1 

Alfalfa •. 

8.9 

Vetch 

85.3 

Efiparcet 

9.92 
11.04 
11.30 

6.07 

Fire  bean 

Horse  bean 

Potatoes 

41.4 

Considering  the  possible  variations  due  to  the  difficulty  of  making 
close  representative  moisture  determinations  in  soils  and  the  experi- 
mental difficulty  of  correctly  judging  the  time  of  wilting,  there  is  a 
striking  agreement  in  the  above  results  for  various  plants.  The  aver- 
age for  the  calcareous  soil  is  about  9  per  cent  of  water,  from  which 
figure  there  is  no  striking  variation  in  any  of  the  cases  considered, 
and  the  average  for  the  peat  is  about  34  per  cent  of  water. 

The  general  belief  that  different  plants  require  different  optimum 
water  contents  in  the  soil  seems  to  be  a  result  of  observations  on  the 
total  amount  of  water  that  the  plant  actually  requires  rather  than  on 
the  percentage  in  the  soil  best  suited  to  its  needs.  The  transpiration 
in  one  plant  may  be  greater  than  in  another,  and  the  corresponding 
demand  for  water  would  be  greater.  Investigators  in  this  field  have 
usually  supplied  the  extra  amount  of  water  demanded  for  this  larger 
transpiration  by  increasing  the  total  water  content  of  the  soil'  rather 
than  by  supplying  more  water  as  it  is  needed.  That  is,  instead  of 
gradually  supplying  a  larger  amount  of  water  and  maintaining  the 
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moisture  content  of  the  soil  near  a  constant  percentage,  the  same 
result  is  obtained  by  increasing  the  percentage  of  water  in  the  soil  at 
one  time.  The  idea  that  there  are  different  optimum  water  contents 
for  the  same  soil  for  different  plants  may,  therefore,  be  an  outgrowth 
of  the  prevailing  methods  rather  than  of  critical  experimentation. 
Moreover,  the  idea  that  there  are  different  optimum  water  contents 
corresponding  to  different  plants  has  apparently  been  confused  with 
the  fact  that  some  plants  have  more  endurance  under  adverse  mois- 
ture conditions  than  have  others.  These  same  plants  may  be  able  to 
grow  in  a  large  excess  of  water  without  great  apparent  injury,  but 
actually  require  less  for  more  favorable  growth.  The*  fact  that  one 
plant  can  tolerate  larger  amounts  of  water  than  another  without 
serious  injury  does  not  alone  justify  the  conclusion  that  the  optimum 
water  content  differs  for  each. 

From  this  work,  showing  the  moisture  content  approximately  con- 
stant with  any  one  soil  at  which  wilting  of  different  plants  begins 
and  from  the  other  considerations  presented,  it  seems  probable  that  the 
optimum  water  content  is  that  which  makes  for  the  greatest  aeration, 
loosest  structure,  and,  in  general,  most  favorable  physical  condition 
of  the  soil. 

APFAEATUS  ANB  METHOBS. 


SCREENING  APPABATTJS. 

In  beginning  work  on  penetration  of  soils  in  the  loose^  condition, 
it  was  recognized  that  there  existed  a  serious  difficulty  in  obtain- 
ing a  uniform  packing  and  so  arranging  the  conditions  that  the 
same  grade  of  packing  could  be  obtained  on  successive  trials,  thus 
insuring  duplicate  results.  A  preliminary  investigation  was  made 
on  the  effect  of  packing  on  peneti'ation.  The  firmness  of  the  packing 
was  determined  from  the  weight  of  the  soil,  since  the  measurements 
were  all  made  under  one  moisture  condition  and  the  soil  was  leveled 
in  such  a  way  that  the  same  volume  was  always  obtained.  The  change 
in  packing  was  effected  by  jarring  the  dishes  and  by  varying  the 
method  in  which  the  soil  was  put  into  the  containing  vessel.  The 
results  of  such  a  series  ~of  measurements  on  Leonardtown  loam  con- 
taining 9.1  per  cent  of  water  are  given  in  Table  XXXVII. 

Tabus  XXXVII. — Influence  of  packing  on  penetration. 


Weight  re- 

quired for 

Weight  of 

penetra- 

tion. 

QrarM. 

Qraim. 

70 

1,786 

76 

1,808 

85 

1,830 

118 

1.902 

176 

1,905 
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When  these  results  are  plotted,  using  the  weights  of  the  soils  as 
abscissas  and  the  weights  for  penetration  as  ordinates,  a  smooth  curve 
is  obtained,  showing  that  the  penetration  is  not  in  direct  proportion 
to  the  weight,  but  increases  more  rapidly.  But  for  a  small  variation 
in  packing,  such  as  would  be  met  under  ordinary  experimental  condi- 
tions, the  penetration  is,  for  all  practical  purposes,  a  linear  function 
of  the  packing.  This  is  confirmed  by  the  following  measurements 
made  on  Leonardtown  loam,  which  held  about  15  per  cent  of  water, 
its  optimum  water  content. 

Table  XXXVill. — Influence  of  packing  on  penetration. 


Weight  re- 
qalredfor 
penetra- 
tion. 

Weight  of 
soil. 

Oranu. 
64 
71 
87 

Oranu, 
1,702 
1,719 
1.7S9 

These  results  when  plotted  lie  on  a  straight  line  and  indicate  that 
soil  variations  or  manipulations  cause  considerable  differences  iii 
packing  which,  in  turn,  interfere  with  all  measurements  on  penetra- 
tion.   The  importance  of  having  a  satisfactory  method  of  packing 


Fig.  27. — Apparatus  for  screening  soils. 

is  therefore  evident.     Uniform  packing  is  realized  only  when  the 
process  is  entirely  mechanical. 

The  apparatus  finally  used  is  shown  in  figure  27.  To  the  shaft  of 
an  electric  motor  is  fastened  an  eccentric  £",  made  from  a  rod  2 
centimeters  in  diameter,  in  which  the  shaft  hole  is  drilled  0.5  centi- 
meter off  center.    This  eccentric  fits  into  a  hole  in  one  end  of  the 
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screen  box  ST.  The  motion  of  the  revolving  eccentric  gives  the  screen 
a  rapid  shaking  in  both  vertical  and  horizontal  planes,  which  is 
very  effective  in  forcing  the  damp  soils  through  the  mesh.  The 
screen  S^  which  is  of  3  meshes  to  the  centimeter,  is  in  only  one  end  of 
the  box.  A  false  bottom  T,  made  of  tin,  serves  to  feed  the  material 
toward  the  mesh  during  shaking.  The  upper  end  of  the  box  is  sup- 
ported by  means  of  two  hooks,  resting  on  a  horizontal  rod  if?,  shown  in 
cross  section  in  the  figure.  The  hooks  are  made  of  heavy  insulated 
electric-light  wire,  the  covering  of  which  serves  to  reduce  the  noise 
caused  by  rattling.  Further,  to  prevent  rattling  at  that  end  of  the 
screen,  a  kilogram  weight  W  is  hung  belween  the  hooks.  With 
this  method  of  support  the  upper  end  of  the  screen  is  free  to  move, 
yet  the  motion  is  so  reduced  that  during  shaking  the  box  stays  well 
in  position.  The  soil,  after  passing  through  the  screen,  falls  into 
a  funnel  F  and  from  there  into  the  cup  C,  which  holds  the  sample 
during  the  remainder  of  the  experiment. 

The  cup  proper  is  12.5  centimeters  in  diameter  and  9  centimeters 
high,  having  a  capacity  of  1,100  cubic  centimeters.  A  rim  is  added, 
which  makes  it  possible  to  fill  the  cup  above  its  own  level.  The  rim 
is  then  removed  and  the  soil  leveled  off  to  the  edge  of  the  cup.  This 
gives  a  more  uniform  packing  in  the  upper  layer  of  the  soil. 

The  shaker  makes  it  possible  to  repeat  the  packing  of  the  same 
-sample  and  also  gives  a  basis  of  comparison  in  the  measurements  made 
on  different  samples,  since  the  soil  in  each  case  is  treated  in  the  same 
way,  falls  through  the  same  distance,  and  therefore  is  subjected  to 
the  same  packing  forces.  Reproduction  of  these  conditions  is  essen- 
tial in  a  series  of  measurements  made  upon  samples  containing  differ- 
ent quantities  of  water,  where  it  is  desirable  that  the  only  variable 
entering  should  be  the  water  content. 

PACKINa  APPABATTTS. 

The  soil  sample  packed  by  the  method  just  described  is  put  into 
a  uniform  condition  for  experiment.  Starting  with  the  soil  sample 
thus  prepared  it  is  possible  to  vary  the  packing  in  a  definite  and 
known  way  and  thus  study  the  effect  of  packing  on  the  physical  con- 
dition of  the  soil.  The  packing  is  done  by  the  arrangement  shown  in 
figure  28,  where  a  front  and  side  elevation  of  the  apparatus  is  shown. 
A  vertical  shaft  of  brass  AB  works  easily  through  a  wooden  guide 
block  G.  On  the  bottom  of  the  shaft  is  a  circular  plate  B  of  hard 
rubber,  just  a  little  smaller  than  the  inside  of  the  cup  C,  into  which  it 
fits  when  packing  the  soil.  On  the  upper  end  of  the  shaft  is  another 
plate  -4,  which  serves  as  a  scale  pan  for  the  weights  TV,  which  are  of 
lead  and  so  mad^  that  they  can  be  placed  in  the  middle  of  A  and 
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concentric  with  one  another,  thus  avoiding  any  serious  side  thrust 
where  the  rod  passes  through  the  guide.  The  shaft  and  plates  are 
connected  over  pulleys  with  a  weight  Z,  by  which  they  are  balanced. 
In  order  to  have  the  cup  C  still  full  after  packing,  a  rim  R^  4  centi- 
meters high,  is  put  on  the  cup.  The  screened  soil  is  leveled  to  the 
upper  edge  of  R  and  packed  under  any  desired  weight  at  a  steady 
pressure  for  four  minutes,  after  which  the  rim  is  removed  and  the 
soil  surface  reduced  to  the  level  of  the  cup  proper.  The  sample  is 
then  ready  for  the  penetration  tests. 

The  behavior  of  the  soil  when  packed  in  this  way  is  indicated  in 
figure  29,  where  a  series  of  measurements  for  Podunk  fine  sandy  loam 


Fin.   2S.— ApparatuB  tor  pacmng  Boltx. 

containing  2.3  per  cent  water  is  shown.  In  addition  to  the  packing 
caused  by  the  soil  falling  from  the  screening  machine,  the  soil  was 
further  compressed  under  pressure  of  10,  30,  and  50  grams  per  square 
centimeter.  These  pressures  correspond  to  weights  of  1, 3,  and  5  kilos, 
the  area  of  the  compressing  plate  being  about  100  square  centimeters. 
The  curve  indicates  that  the  increased  packing  pressure  applied  in  this 
manner  gives  a  fairly  uniform  increase  in  the  force  required  for  pene- 
tration. 
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PEKETBATION    APPABATUS. 

The  force  required  for  penetration  was  measured  on  the  apparatus 
shown  in  figure  30.  The  penetrating  tool  A  is  made  from  a  steel 
rod  1  centimeter  in  diameter.  This  is  turned  into  the  form  of  a 
cone  10.5  centimeters  long  and  1  centimeter  in  diameter  in  the  thickest 
part.  The  large  end  of  this  cone  terminates  in  a  tongue  which  is  so 
fastened  to  the  scale  beam  AB  that  it  is  free  to  swing  in  the  vertical 
plane  of  the  beam.  The  beam  itself,  made  of  oak,  is  140  centi- 
meters long  from  the  end  A  to  />,  the  point  of  rotation.  A  counter- 
weight TF  balances  the  beam  and  its  attachments.  Midway  between 
A  and  D  a  pail  P  is  hung,  into  which  sand  is  run  from  a  funnel  F 
through  a  rubber  tube 
closed  by  a  pinchcock.  '  ^^ 
This  gives  a  method 
of  constantly  adding 
weight  without  jarring 
and  of  increasing  the 
pressure  to  just  the 
value  necessary  to  force 
the  tool  into  the  soil 
to  the  required  depth. 
The  scale  beam  is 
guided  beteween  the 
upright  parallel  rods 
G^  spaced  to  allow  a 
free  movement  of  the 
beam  between  them. 
M^  and  M^  are  clamps 
that  check  the  up-and- 
down  movement  of  the 
beam.  The  depth  to  which  the  point  penetrates  is  determined  by 
the  position  of  M^-  The  measurement  is  always  begim  at  the  same 
height — ^the  level  of  the  cup,  which  was  also  the  soil  level — and  weight 
is  added  until  the  beam  reaches  ilA,  by  which  time  the  tool  has  pene- 
trated 6  centimeters  into  the  soil.  The  approach  of  the  beam  to  M2  is 
observed  by  means  of  a  small  mirror  R  fastened  at  an  angle  to  M^, 

In  making  a  penetration  measurement  the  procedure  is  to  make  up 
a  large  soil  sample  to  the  desired  water  content,  which  is  then  deter- 
mined accurately  by  drying  a  sample  at  110°  C  and  calculating  as  per 
cent  on  the  dry  weight  of  soil.  This  method  makes  the  different  water 
contents  of  the  same  soil  comparable  one  with  another.  The  total 
sample  is  well  mixed  by  screening  and  placed  in  a  tightly  covered 
pail.    This  holds  enough  soil  to  permit  of  repeating  the  measurements 
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Fig.  29. — l*enetratlon-packlng  results. 
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same  place  wlien  another  ineasmenieat  is  to  be  made.  Ah  the  drying 
occurs  only  at  one  end  of  the  soil  column  an  error  is  introdnced,  since 
the  top  of  the  soil  was  drier  than  the  bottom.  However,  in  a  soil  col- 
umn of  this  length,  if  the  drying  proceeds  slowly,  this  difference  in 
moisture  content  of  the  top  and  the  bottom  is  not  very  marked.  More 
serious  difficulty  might  be  caused  by  the  adhesion  between  the  soil  and 
surface  of  the  glass,  which  would  seriously  cut  down  the  influence  of 
changing  moisture  content  on  the  volume.  It  is  evident  from  this 
preliminarj'  attempt  that  a  method  suitable  for  accurate  volume 
work  should  embody  the  following  points:  (1)  In  order  to  shorten 
the  time  required  for  carrying  through  one  experiment  it  is  essential 
that  the  drying  out  of  the  wet  sample  be  rapid ;  this  can  be  accom- 
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plished  by  exposing  as  great  an  area  per  unit  volume  of  soil  as  possi- 
ble. (2)  The  thickness  of  the  soil  from  the  drying  surface  down 
should  be  small  in  order  that  no  large  difference  in  moisture  content 
may  occur  between  the  top  and  the  bottom  of  the  sample.  (3)  Since 
the  change  in  volume  is  measured  by  the  linear  contraction  it  is  essen- 
tial to  have  the  length  in  this  one  direction  as  gi-eat  as  possible.  (4) 
The  soil  should  be  supported  in  such  a  way  that  after  drying  out  it 
can  be  wetted  again  by  capillarity  without  otherwise  disturbing  the 
sample,  thus  making  it  possible  to  use  the  same  soil  sample  through 
several  cycles  of  moisture  change.  (5)  The  soil  sample  should  also 
be  supported  in  such  a  way  that  it  is  independent  of  the  measuring 
apparatus  and  movable  at  will,  so  that  the  same  micrometer  may  be 
used  to  measure  several  samples  drying  out  at  the  same  time.  These 
considerations  led  to  the  development  of  the  "  soil  column  method." 
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Soil  column  method. 

The  apparatus  used  in  this  method  is  shown  in  figure  32.  The  soil 
column  S  is  molded  in  an  apparatus  similar  to  that  shown  in  figure 
31,  where  the  soil  is  either  put  in  dry  and  wetted  by  capillarity  or 
packed  into  the  tube  in  moderately  moist  condition,  in  which  state  it 
holds  together  well  when  pushed  out  of  the  tube  onto  the  brass  sup- 
port shown  in  the  figure.  This  support  is  made  by  cutting  longi- 
tudinally a  brass  tube  of  a  diameter  a  little  larger  than  that  of  the 
soil  column.  Into  one  end  of  the  support  a  circular  brass  disk  is 
sci-ewed  so  that  it  is  perpendicular  to  the  axis  of  the  tube.  Against 
this  disk  the  lower  end  of  the  soil  column  rests.  The  disk  is  per- 
forated so  that  a  column  can  be  wet  by  capillarity  by  simply  dip- 
ping the  lower  end  of  its  support  into  water,  thus  rewetting  the  sam- 
ple without  in  any  other  way  disturbing  it.  In  this  arrangement  a 
large  surface  of  soil  is  exposed  to  evaporation,  and  drying  proceeds 
with  considerable  rapidity.  A  wet  column  of  this  kind  reaches  the 
air-dry  condition  in  two  to  five  daj^s,  depending  on  the  nature  of  the 
soil.  This  method  also  insures  a  comparatively  uniform  moisture 
content  from  the  top  to  the  bottom  of  the  sample.  Resting  against 
the  upper  end  of  the  soil  column  is  a  brass  follower  F  made  from 
heavy  brass  tubing  by  inserting  into  the  two  ends  pieces  turned  from 
solid  brass.  The  part  projecting  from  the  lower  end  is  made  some- 
what smaller  than  the  tube  so  that  it  wuU  not  come  in  contact  with 
the  surface  of  the  soil  support,  because  upon  contraction  enough  soil 
is  left  to  roughen  considerably  this  surface.  The  upper  end  contains 
a  contact  piece  C  turned  from  a  brass  rod.  This  is  so  arranged  that 
by  means  of  a  screw,  shown  in  the  figure,  it  may  be  adjusted  to 
lengthen  or  shorten  the  follower.  By  means  of  this  adjustment 
the  total  length  of  the  soil  column  and  the  follower  can  be  made 
nearly  the  same  in  different  samples,  thus  adapting  the  limits  of 
the  micrometer  screw  to  their  measurement.  The  Vernier  scale  and 
micrometer  screw  are  shown  at  M.  As  the  soil  contracts  during 
the  wetting,  the  inclination  of  the  support  and  the  weight  of  the 
follower  are. sufficient  to  keep  it  pressed  down  against  the  end 
disk.  The  contraction  of  the  soil  therefore  results  in  a  dow^nward 
movement,  which  is  measured  bv  the  micrometer.  In  order  to 
tell  just  when  the  micrometer  comes  in  contact  with  the  end  of  the 
follower  at  C  an  electrical  contact  device  is  used.  One  terminal 
of  a  battery  is  connected  through  an  electric  bell  to  F.  When 
M  makes  the  metallic  connection  at  C^  the  circuit  is  closed  and  the 
bell  rings.  Instead  of  the  bell  the  figure  show^s  an  arrangement  T 
in  w^hich  the  two  bare  terminals  are  held  at  a  short  distance  apart. 
By  placing  these  tw^o  wires  on  the  tongue,  the  instant  of  contact 
at  C  may  be  detected  by  a  sharp  acrid  taste.  This  device  is  even 
more  delicate  and  satisfactory  than  the  bell.     The  contact  can  be 
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determined  with  .such  precision  that  the  readings  taken  at  the  same 
time  show  no  variation  within  the  limits  of  the  micrometer  used. 
The  micrometer  scale  is  held  firmly  in  place  by  meann  of  a  screw 
clamp.  The  wooden  support  is  sawed  in  such  a  way  that  the 
micrometer  scale  is  slipped  into  position  and  a  screw  clamp  pinches 
the  two  sections  of  the  woollen  support.  The  part  of  the  apparatus 
consisting  of  the  soil  column  and  its  follower  can  be  lifted  from  the 
wooden  sup|X)rts  without  in  any  way  afTecting  the  soil  sample.  A 
different  soil  sample  cnn  be  placed  in  position  and  measured  by  the 

same  micrometer. 
At  each  measure- 
ment this  movable 
part  comes  into  the 
same  position,  for 
it  is  brought  down 
firmly  against  the 
end  block  B,  Since 
the  wooden  vertical 
supports  are  cut  V 
shaped,  the  half- 
round  section  of 
brass  tubing  fits 
snugly  into  place. 
This  method  has 
proved  well  suited 
to  soils  having  the 
power  to  retain  the 
form  of  the  cylin- 
.  drical  soil  column 
irrespective  of  the 
moisture  content. 
Some     soils,     how- 

Fio.    3S.-AppDrntMB    fo,-    n.l.TomeUr    metho.1    of    n,eaB„rln«       PVCr,      Can      not      be 
chBtigea  In  Boll  voliimea.  B  U  C  C  B  Ssf  ully    han- 

dled in  this  way,  either  because  when  wet  they  become  incoherent 
and  do  not  retain  their  form  or  because  when  dry  they  crumble. 
The  method  is  not  well  suited  for  continued  observations  on  wetting 
and  drying  of  the  same  soil  sample,  because,  as  has  been  pointed  out 
in  a  previous  chapter,  the  volume  changes  tend  to  cause  cracking  of 
the  soil;  these  cracks  become  points  of  weakness  and  in  time  cause  the 
breaking  down  of  the  soil  column. 
Hicronieter   method. 

In  order  to  get  around  the  difficullies  just  described  the  "mi- 
crometer method  "  wji-  devised,  in  which  the  soil  sample  is  better 
supported,  lieing  held  in  a  cup.    The  form  of  apparatus  is  shown  in 
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figure  33.  The  soil  sample  is  contained  in  a  cup  C,  which  has  a  per- 
forated bottom  through  which  the  soil  may  be  wetted.  This  cup 
rests  directly  on  the  metal  table  of  an  adjustable  stand,  to  which  the 
micrometer  screw  is  also  attached.  This  method  of  support  has  a 
distinct  advantage,  since  there  is  little  possibility  of  the  table  and 
micrometer  changing  their  relative  positions  and  thus  affecting  the 
results.  The  variation  in  the  height  of  the  soil  surface  is  measured 
by  means  of  the  micrometer  screw  J/.  A  brass  plate  P  with  a  pro- 
jecting short  vertical  shaft  rests  on  the  surface  of  the  soil.  The 
micrometer  point  is  brought  just  into  contact  with  the  top  of  the 
shaft.  The  contact  is  determined  in  the  same  manner  as  described 
in  the  preceding  method.  In  order  to  obtain  a  good  electrical  con- 
tact with  the  plate  P  without  disturbing  its  position  in  any  way,  a 
drop  of  mercury  is  held  in  a  depression  drilled  into  the  surface  of 
the  brass. 

This  method  rflso  permits  measurements  being  made  on  a  number  of 
samples,  since  the  cup  C  can  be  removed  from  the  table  and  another 
cup  inserted  in  its  place  without  displacing  the  micrometer.  The 
moisture  content  of  the  soil  sample  corresponding  to  the  time  of 
measurement  is  determined  in  both  this  and  the  soil  column  method 
by  directly  weighing  the  supporting  dish,  the  dry  soil  equivalent 
being  determined  when  the  sample  is  first  prepared.  Although  the 
micrometer  screw  used  in  this  method  measures  to  0.0001  centimeter, 
measurements  were  ordinarily  made  only  to  0.001.  On  account  of 
the  electrical  conductivity  of  the  moist  soil  and  since  the  cup  rests 
on  the  metallic  table  it  is  necessary  to  insulate  the  brass  plate  P 
from  the  soil.  This  is  done  by  fastening  a  hard  rubber  disk  to  the 
underside  of  the  plate.  The  same  result  can,  of  course,  be  obtained 
by  insulating  the  cup  C  from  the  stand.  In  this  method  the  amount 
of  su?*face  exposed  to  evaporation  is  not  so  large  as  in  the  soil  column 
method,  so  that  the  time  required  for  a  series  of  measurements  is 
somewhat  longer.  Because  of  the  better  support  of  the  soil  column 
this  method  is  applicable  to  almost  any  soil  and  quite  independent  of 
errors  due  to  a  defective  soil  column.  In  anv  future  work  it  would  be 
well  to  use  larger  dishes ;  this  would  tend  to  reduce  to  a  minimum  any 
errors  due  to  adhesion  between  the  soil  and  the  cup.  A  deeper  dish, 
may  profitably  be  used,  thus  giving  a  larger  linear  change,  but  it  must 
be  not  deep  enough  to  cause  a  large  difference  in  moisture  content 
between  the  lower  and  upper  soil  layers. 
Cathetometer  method. 

The  cathetometer  method  closely  resembles  the  micrometer  method. 
The  soil  is  contained  in  a  similar  dish  and  the  up  and  down  move- 
ments of  a  point  fastened  to  a  brass  disk  are  measured  by  means  of 
a  cathetometer  instead  of  a  micrometer.     This  method  is  valuable 
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as  a  check  method,  showing  that  the  same  results  are  obtained  irre- 
spective of  tlie  method  used.  It  offers  no  particular  advantage  over 
the  micrometer  method  and  possesses  some  disadvantages.  Since 
the  cathetometer  and  the  soil  are  placed  several  feet  apart,  they  have 
no  support  in  common,  and  a  change  of  pressure  on  the  floor  may 
cause  a  variation  in  the  level  and  a  corresponding  error  in  the  read- 
ings obtained.  Sighting  the  cross  hairs  of  the  cathetometer  telescope 
on  the  point  does  not  permit  the  same  accuracy  of  reading  as  in  case 
of  the  micrometer  with  the  electric  contact  method.  The  finest  grad- 
uations on  the  cathetometer  used  were  0.01  centimeter.  This,  added 
to  the  difficulty  of  reading  mentioned  abov^e,  made  very  accurate  re- 
sults impossible.  This  method  might  be  improved  by  haying  the 
apparatus  set  up  on  a  firm  foundation,  having  better  sighting  device, 
larger  dishes,  etc.,  but  the  only  advantage  it  can  then  offer  over  the 
micrometer  method  is  that  the  plate  on  the  soil  surface  would  not  be 
subject  to  any  disturbing  external  pressure,  such  as  might  possibly  be 
caused  by  the  micrometer  screw. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  op  Soils, 
Washinfftanf  D.  C,  January  H,  1908. 

Sm:  I  have  the  honor  to  transmit  the  manuscript  of  a  technical 
article  entitled  "Absorption  of  Vapors  and  Gases  by  Soils/'  by 
Messrs.  Harrison  E.  Patten  and  Francis  E.  Gallagher.  It  contains 
a  historical  review  of  the  subject,  together  with  experimental  studies 
on  the  conditions  which  determine  the  quantity  and  rate  of  gaseous 
absorption  by  soils. 

The   article   gives  much  valuable  information  which  should  be 

made  available  to  the  pubUc.     In  accordance  with  your  suggestion 

it  has  been  gone  over  carefully  with  Assistant  Secretary  Hays,  who 

authorizes  me  to  state  that  he  concurs  in  my  recommendation  for  its 

■N        publication. 

Respectfully,  Milton  Whitney, 

Chief  of  Bureau, 
Hon.  James  Wilson, 
^><;;;>.  SecTdary  of  AgricuUure. 
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PR  E  F  A  C  E 


111  the  continuation  of  the  studies  on  absorption  which  have  been 
carried  on  in  this  Bureau,  it  has  been  deemed  desirable  to  direct 
attention  especially  to  the  absorption  of  gases  by  soils,  and  the 
present  bulletin  contains  a  description  of  certain  special  studies  on 
this  subject  by  Messrs.  Patten  and  Gallagher. 

That  soils  have  a  high  absorptive  power  for  gases,  and  show  a 
direct  selective  absorption  from  gas  mixtures  as  well  as  from  liquid 
solutions,  has  long  been  known,  and  this  fact  has  generally  been 
recognized  as  having  an  important  agricultural  and  geological 
significance.  But  up  to  the  present  it  can  not  be  said  that  agri- 
cultural investigators  have  given  the  question  the  consideration 
which  its  practical  importance  warrants. 

In  the  present  bulletin  the  absorption  of  the  principal  gases  by 
various  types  of  soils  and  the  rate  at  which  such  absorption  takes 
place  have  been  brought  out  in  such  a  manner  that  practical  workers 
in  soil  problems  will  be  able  to  use  the  results  to  advantage.  Special 
significance  must  be  attached  to  the  absorption  of  water  vapor,  and 
in  this  bulletin  the  principal  facts  now  known  from  the  investigations 
of  former  workers  or  of  the  authors  of  the  bulletin  themselves  are 
brought  together  in  such  shape  that  they  are  available  not  only  for 
practical  workers,  but  for  the  further  investigation  of  scientific 
workers. 

The  relation  between  the  absorption  of  water  vapor  on  the  one 
hand  and  the  evaporation  of  water  from  that  soil  has  been  carefully 
investigated,  and  the  laws  controlling  it  have  been  clearly  brought 
out;  and  the  influence  of  soluble  materials  contained  in  the  soil  as 
affecting  these  laws  has  been  shown.  The  significance  of  cultural 
methods  as  affecting  either  the  absorption  of  water  vapor  or  its  evapo- 
ration has  been  shown.  And  finally,  the  important  practical  fact 
has  been  established  that  the  wilting  point — or  that  water  content 
of  the  soil  at  which  plants  can  no  longer  thrive  and  which  has  been 
shown  elsewhere  to  be  a  physical  factor  of  the  soil — marks  a  water 
content  higher  than  that  which  the  soil  can  attain  by  direct  absorp- 
tion from  a  humid  atmosphere,  even  though  this  latter  be  main- 
tained at  the  point  of  saturation. 
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6  PREFACE. 

■ 

The  laws  governing  the  absorption  of  other  gases  or  vapors  appear 
in  general  to  be  very  similar  to  those  governing  the  absorption  of 
water  vapor,  and  it  may  now  be  safely  claimed  that  the  broad  subject 
of  absorption  of  vapors  by  soils  has  been  brought  to  a  satisfactory 
state  as  regards  not  only  our  theoretical  knowledge  of  the  principles 
involved  and  their  importance  to  practical  agriculture,  but  also  as 
they  bear  upon  the  practical  methods  of  control. 

Fbank  K.  Camebon. 
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ABSORPTION  OF  VAPORS  AND  GASES  BY  SOILS. 


PREVIOUS  WORK. 

INTBODircnON. 

It  is  well  known  that  charcoal  absorbs  enormous  volumes  of  gases 
from  putrefying  animal  matter,  and  the  similar  power  of  soils  to 
take  up  odors  from  excreta  has  been  utilized  from  the  earliest  times. 

The  term  absorption  includes  adsorption  upon  the  surface,  possi- 
ble penetration  of  vapor  into  the  solid,  and  retention  of  liquid  in 
the  angles  formed  between  adjoining  particles.  A  short  review  of 
the  development  of  our  knowledge  of  gaseous  absorption  is  helpful 
here  in  bringing  to  mind  the  experimental  facts  and  the  varying 
explanations  offered  in  connection  therewith. 

ABSORPTION  OF  GASES. 

Fontana  in  1777  established  the  fact  that  numerous  porous  bodies 
retain  gases  upon  their  internal  surface,  but  did  not  deduce  regu- 
larities from  his  data. 

Morozzo,  Rouppe,  and  Norden*  confirmed  his  observations  in 
1800,  but  de  Saussure,*  during  1812  to  1814,  was  the  first  to  investi- 
gate this  field  extensively.  He  heated  his  absorbent  material  to 
redness  before  using,  to  expel  residual  gases,  and  then  subjected  the 
weighed  absorbent  to  the  action  of  a  gas,  under  known  temperature 
and  pressure  conditions.  He  drew  the  following  conclusions:  (1) 
The  porous  bodies  investigated  absorb  gases;  (2)  the  degree  of 
absorption  varies  with  the  form  and  magnitude  of  the  pores;  (3) 
different  substances  possess  a  different  absorption  capacity;  (4)  the 
same  substance  absorbs  different  quantities  of  different  gases;  (5) 
easily  condensed  gases  are  in  general  absorbed  more  easily;  (6)  ab- 
sorption decreases  as  temperature  increases;  (7)  at  hi^er  pressure 
more  gas  is  absorbed  than  at  lower  pressure;  (8)  heat  is  evolved 
during  the  process  of  absorption. 

To  these  fundamental  observations  Smith^  adds:  (1)  Charcoal 
exercises  a  selective  absorption  toward  mixtures  of  gases;  for  a  con- 

<>0.  Lehmann,  Molekular-physik,  II  part,  83. 
feAnn.  Phy8.  Gilbert,  47,  113  (1814). 
c  Ann.  Chem.,  Suppl.  2,  262  (1862-18«3). 
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siderable  time  oxygen  alone  is  absorbed  from  air;  (2)  charcoal  satu- 
rated with  nitrogen  and  then  placed  in  other  gases  first  gives  up  a 
part  of  the  nitrogen  before  absorbing  the  second  gas;  (3)  charcoal 
saturated  with  oxygen  does  not  give  up  the  gas,  either  upon  warming 
or  treatment  with  boiling  water,  but  under  these  conditions  carbon 
dioxide  is  evolved  rather  than  oxygen. 

Stenhouse,**  too,  has  studied  the  absorption  of  gases  by  charcoal 
made  from  various  materials;  his  figures,  given  in  Table  I,  represent 
the  number  of  cubic  centimeters  of  gas  absorbed  by  1  gram  of  char- 
coal. Wood  charcoal  shows  a  higher  absorption  for  the  gases  used 
than  does  peat  or  animal  charcoal,  with  the  exception  of  hydro- 
chloric acid  gas,  which  is  taken  up  in  greater  volume  by  peat. 

Table  I.     Absorption  of  games  by  charcoal,  according  to  Stcnhousc. 


Kind  of  charcoal. 

Gas.  '  ,  — 

Wood.     Peat.     Animal. 


(                                                                                                                                  I  C'.  c. 

Ammonia : 98. 5 

Hydrochloric  acid 45. 0 

Sulphurous 32. 6 

Carbonic  acid ,  14. 0 

Oxygen 0. 8 


r.  f .   ,      C.  c. 
1IG.0  43.5 

CO.O    

27. 5  17. 6 

10.0  5.0 

0. G  <  0.  5 


Dewar''  has  found  that  charcoal  and  lampblack  are  nearly  equal  in 
absorbing  power  for  gases  at  the  temperature  of  liquid  air,  and  that 
graphite  is  only  one-fourth  as  good  an  absorbent. 

ABSORPTION  OF  AIR. 

Reichardt  and  Blumtritt*"  showed  that  nitrogen  is  absorbed  to  a 
much  greater  extent  by  soils  and  soil  constitutents  than  is  oxygen 
and  that  each  gas  is  retained  to  a  different  degree  by  different  sub- 
stances— a  clear  indication  of  the  selective  power  which  solids  and 
gases  mutually  exert  in  absorption  reactions. 

ABSORPTION  OF  WATER  VAPOR  BY  SOILS. 

When  a  soil  is  saturated  with  water  by  rain,  part  of  the  water  per- 
colates away  to  lower  levels,  and  another  part  of  the  water  evaporates 
from  the  surface. 

With  a  view  to  correlating  the  capacity  of  soils  to  resist  drying 
oiit,  with  their  composition  and  with  their  productiveness,  Schubler** 
determined  the  water  vapor  absorbed  by  various  soils  and  soil  con- 
stitutents from  a  nearly  saturated  atmosphere  during  24  hours.  This 
absorption  process  is  evidently  the  reverse  of  drying  out,  but  gives  a 

«  Cited  by  Johnson,  How  Crops  Feed,  p.  160. 

b  Chem.  News,  94,  174  (1906);  Proc.  Roy.  Soc.,  74, 130  (1904). 

c  Jour,  prakt.  Chem.,  98, 476  (1866). 

d  Cited  by  Johnson,  How  Crops  Feed,  pp.  161-162,  1870. 
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measure  of  the  speed  with  which  a  dry  soil  takes  up  the  first  portions  of 
water  vapor,  and  this  speed  is  clearly  an  indication  of  the  strength 
with  which  the  water  is  held  by  each  soil.  Thus,  he  found  that  1,000 
parts  of  soil  absorbed  parts  of  water  as  follows:  Quartz  sand,  coarse, 
0;  gypsum,  1;  calcareous  sand,  3;  plow  land,  23;  clay  soil  (60  per 
cent  clay),  28;  slaty  marl,  33;  loam,  35;  fine  carbonate  of  lime, 
35;  heavy  clay  soil  (80  per  cent  clay),  41;  garden  mold  (7  per  cent 
humus),  52;  pure  clay,  49;  carbonate  of  magnesia  (fine  powder),  82; 
humus,  120. 

Similarly  Davy*  gives  the  (juantity  of  moisture  taken  up  dur- 
ing one  hour  exposure  to  the  air  by  soils  which  had  been  dried  at 
212*^  F.  as  follows,  in  parts  of  water  per  1,000  parts  of  soil:  Sterile 
soil  of  Bagshot  heath,  3;  coarse  sand,  8;  fine  sand,  11;  soil  from 
Mercy,  Essex,  13;  very  fertile  alluvium,  Somersetshire,  16;  extremely 
fertile  soil  of  Ormiston,  East  Lothian,  18. 

From  these  results  it  may  be  concluded  that  the  absorptive  capacity 
of  soil  for  water  vapor  is  generally  higher  the  finer  the  texture  of  the 
soil  and  the  greater  its  content  of  humus.  It  appears,  too,  that  pro- 
ductive soils  have  a  very  considerable  capacity  for  water  vapor, 
while  the  poor  soils  range  much  lower. 

Regarding  the  effect  of  temperature  upon  the  quantity  of  water 
vapor  absorbed,  Knop**  has  shown  that  at  higher  temperature  the 
absorption  is  very  considerably  decreased.  A  sandy  soil  from 
Moeckem,  Saxony,  absorbed  in  parts  of  water  per  1,000  parts  of  soil 
the  following  quantities  of  moisture:  At  55°  F.,  13;  at  66°,  11.9;  at 
77°,  10.2;  at  88°,  8.7. 

The  experiments  of  Ammon*  likewise  show  that  the  absorption 
of  water  vapor  by  soil  constituents  decreases  as  the  temperature 
rises.  •  The  relative  absorption  at  any  one  temperature  of  the  sub- 
stances used  decreases  in  the  order,  ferric  hydroxide,  humus,  kaolin, 
calcium  carbonate,  gypsum. 

Von  Dobeneck*"  has  studied  in  great  detail  the  conditions  which 
determine  the  absorption  of  water  vapor  and  gases  in  general  by 
various  soil  constituents  and  admixtures  of  the  same,  with  the  fol- 
lowing results:  (1)  The  absorption  is  greater  the  finer  the  particles 
of  the  solid;  but  this  increase  is  not  directly  proportional  to  the 
increase  in  surface,  since  large  grains  absorb  relatively  more  gas  than 
would  be  expected  from  the  surface  exposed.  It  should  be  remem- 
bered, however,  that  great  error  is  introduced  when  the  surface  of  a 
powder  is  calculated  from  the  average  diameter  of  its  granules.  (2) 
He  found  that  adsorption  and  hygroscopic  retention  of  moisture  upon 
surfaces,  which  were  then  looked  upon  as  different,  are  subject  to  the 

o  Cited  by  Johnson,  How  Crops  Feed,  pp.  161-162,  1870. 
b  Forsrh.  A|,n".-Phys.,  2,  36  (1879). 
cForsch.  Agr.-Phye.,  15,  163  (1892). 
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same  controlling  conditions.  (3)  The  different  soil  constituents  all 
possess  a  considerable  absorption  capacity,  but  gases  are  absorbed 
to  a  different  degree  by  each  solid  substance.  (4)  Mixtures  of  these 
soil  constituents  absorb  gases  additively;  that  is,  each  soil  material 
exerts  its  absorptive  effect  inde]>endently  of  the  rest  of  the  soil  about 
it.  (5)  Absorption  decreases  with  rise  in  temperature  and  is  very 
nearly  proportional  to  the  reciprocal  of  the  partial  pressure.  (6) 
For  atmospheres  of  the  same  relative  humidity,  the  temperature  has 
little  effect  upon  the  mass  of  water  absorbed ;  the  absorption  increases 
with  increasing  relative  humidity,  and  at  20°  C.  the  rise  in  absorp- 
tion for  equal  per  cent  increments  in  the  relative  humidity  is  greater 
the  nearer  the  interval  lies  to  the  point  of  saturation  (100  per  cent 
humidity).  (7)  Soil  constituents  moistened  with  water  absorb  gases 
in  greater  quantity  than  the  same  mass  of  water  alone. 

Van  Bemmelen  **  has  determined  the  absorption  of  water  vapor  by 
soils  and  inorganic  oxides,  especially  such  as  yield  gelatinous  hydrates 
with  water,  with  reference  to  (1)  the  influence  of  original  water  con- 
tained in  the  soil  or  solid  oxide  upon  the  quantity  of  water  it  can  yet 
absorb; '(2)  the  effect  of  vapor  pressure  upon  absorption  and  libera- 
tion of  moisture;  (3)  the  structure  and  history  of  the  oxide  as  related 
to  its  absorptive  power.  He  used  the  oxides,  SiO„  SnOj,  MnOj, 
AljOj,  FcjO,,  CrjOj,  BeO,  MgO,  and  CuO  and  various  soils.  His 
results  in  general  indicate  that  the  absorption  of  water  vapor  increases 
with  the  vapor  pressure,  but  is  not  simply  proportional  to  it;  that 
the  fineness  of  the  grains  of  a  partially  hydrated  oxide  has  little 
influence  upon  its  absorption — an  effect  to  be  expected  where  imbibi- 
tion takes  place;  that  the  moist  oxides  expand  as  more  water  is 
absorbed  and  contract  as  this  water  evaporates  from  them  in  an 
atmosphere  of  lower  vapor  pressure;  that  some  oxides  form  a  trans- 
luc-ent  jelly  when  they  contain  a  certain  quantity  of  water,  and  this 
translucence  indicates  that  the  jelly  is  made  up  of  fine  cells.  He  con- 
cludes that  the  existence  of  definite  chemical  hydrates  in  these  non- 
crystalline jellies  is  as  yet  undemonstrated  and  extremely  improbable. 

Van  Bemmelen's  reason  for  so  thoroughly  investigating  these 
gelatinous  inorganic  hydrates  is  that  much  of  the  absorptive  power 
of  a  soil  is  due  to  their  presence,  occasioned  by  the  disintegration  of 
minerals  subject  to  weathering.  His  results  on  the  absorption  of 
water  vapor  by  soils  are  similar  to  those  obtained  with  these  inor- 
ganic oxides,  and  agree  in  general  with  the  results  of  earlier  investi- 

«  Zoit.  anorg.  Chom.,  5,  467  (1893);  Bcr.  deutech.  chem.  Gt^.,  18. 1467  (1880);  Jour, 
prakt.  Chem..  28,  324,  379  (1881);  26,  227  (1882);  Rec.  Trav.  (^him.  Pays.-Bas,?,  1 
(1888);  Jour,  prakt.  ('hem.,  40,  497  (1892);  Zeit.  anorg.  Chem.,  18,  122  (1898);  20, 186 
(1899);  28,  111-321  (1900);  Sitzungsber.  d.  K.  Akad.  d.  Wiss.,  Amsterdam,  Nov.  26, 
1902;  Arch.  NA'l.  (2),  10.  267  (1906).  See  alw)  Ooss,  On.  the  Reformation  of  Hy- 
drates, Jahresb.,  1879, 179;  also,  Spring andLucion,  Zeit.  anorg.  Chem.,  2, 195 (1892). 
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gators.  Each  soil  shows  its  own  peculiar  power  of  absorbing  water 
vapor — the  finer  the  soil  grains  the  greater  the  absorption;  the  pres- 
ence of  individual  soil  constituents  of  high  absorptive  power,  of 
course,  raises  the  absorption  in  proportion  to  the  amount  of  each  in 
the  soil. 

According  to  Hilgard,**  the  hygroscopic  moisture  of  a  soil  may 
vary  from  2.48  per  cent  to  21  per  cent,  depending  upon  its  composi7 
tion.  He  has  criticized  the  experiments  of  Schubler,  Knop,  and 
others,  who  found  that  absorption  of  water  vapor  decreases  with  rise 
in  temperature.  Hilgard  finds  that  exactly  the  reverse  is  the  case; 
soils  exposed  to  an  atmosphere  saturated  with  water  vapor  absorb 
more  moisture  at  high  temperature  than  at  low. 

An  attempt  to  discriminate  between  moisture  held  by  a  powder 
as  '^hygroscopic  moisture"  and  water  in  the  capillary  spaces  meets 
with  difficulty.^  We  have  no  sharp  experimental  method  of  ascer- 
taining what  fraction  of  the  water  is  retained  on  the  surfaces  of  the 
grains.  This  is  especially  so  as  an  even  distribution  of  moisture 
throughout  the  powder  is  hard  to  secure,  and  failing  of  this  the  pow- 
der is  balled  together  and  holds  part  of  the  liquid  in  its  capillary- 
spaces  between  the  grains.  . 

Briggs*"  determined  the  quantity  of  water  vapor  absorbed  by 
quartz  grains  of  various  degrees  of  fineness,  and  from  the  mechanical 
analysis  of  each  powder  calculated  the  surface  presented,  and  thus 
found  the  thickness  of  the  layer  of  adsorbed  water.  Assuming  the 
^  density  of  the  film  as  uniform  and  equal  to  unity  and  postulating  an 

even  distribution  of  the  water  over  the  entire  surface,  the  maximum 
thickness  obtained  was  2.66  X  10~*cm.  in  an  atmosphere  within  1 
per  cent  of  saturation  at  30°  C.  He  concludes  that  the  adsorption 
is  not  due  to  soluble  bodies  present  upon  the  surface  of  the  quartz,  as 
^  Warburg  and  Ihmori  have  suggested,  but  to  the  mutual  attraction 

of  quartz  and  water. 

Parks  **  calculates  the  thickness  of  the  water  film  upon  glass  wool 
as  13.3  X  10"*  at  IS""  C.  Trouton «  and  O. Masson  and  E.  wS.  Richards/ 
have  carefully  determined  the  conditions  under  which  cotton  absorbs 
moisture.  Trouton  suggests  that  the  water  vapor  is  condensed  to 
liquid  upon  the  surface  of  the  cotton.  Masson  and  Richards  find 
that  cotton  containing  a  definite  proportion  of  moisture  resembles 

o'^Soilfl/'  pp.  196,  198  (1906). 
^  feSoyaka,  Forech.  Agr.-Phys.,  8,  1  (1885);  Whitney,  Agricultural  Science,  8,  199 

(1889);  Katao,  Ueber  die  Wasserbewegung  in  Boden,  Bui.  Col.  Agr.,  Imp.  Univ. 
Tokyo,  Vol.  3,  No.  1  (1897);  Briggs,  Bui.  No.  10,  U.  S.  Dept.  of  Agr.,  Division  of 
Soils  (1897). 

cJour.  Phys.  Chem.,  9,  617  (1905). 
d  Phil.  Mag.  (6)  6,  519  (1903);  also  (6)  4,  240  (1902). 
'Proc.  Roy.  Soc.  London,  77,  Ser.  A,  292  (1906). 
\  abid.,  78,  Ser.  A,  412-429  (1906). 
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14  ABSORPTION   OF  VAPORS  AND  GASES  BY  SOILS. 

an  aqueous  solution  in  that  it  exercises  a  vapor  pressure  which  is  at 
different  temperatures  a  constant  fraction  of  that  of  pure  water. 

In  this  connection  it  is  interesting  to  note  that  Bunsen*  found 
that  glass  fiber  continued  to  give  up  moisture  on  heating  until  a 
temperature  of  503*^  C.  was  reached;  similarly,  Day  and  Allen** 
state  that  a  temperature  of  600°  to  800°  C.  (a  low  red  heat)  is  required 
to  remove  hygroscopic  moisture  from  minerals.  From  the  fact  that 
moisture  is  retained  upon  the  surface  of  these  substances  at  high 
temperature  it  may  be  inferred  that  the  attraction  between  the  sub- 
stance and  water  is  greater  than  the  vapor  pressure,  which  at  such 
temperatures  amounts  to  hundreds  of  atmospheres. 

AB80BPTI0H  OF  WATEB  VAPOE. 

STATBHBNT  OF  THE  PROBLEM. 

The  general  problem  before  us  is  to  find  the  relation  of  climatic 
humidity  to  soils.  In  nature  a  system  is  rarely  in  a  state  of  equilib- 
rium, and  more  or  less  rapid  changes  in  the  distribution  of  the  c(m- 
stituents  are  in  progress.  Still,  in  the  present  instance,  definite 
laboratory  conditions  for  the  equilibrium  between  soil  moisture  and 
water  vapor  in  the  air  above  it  will  afford  a  very  fair  approximation 
to  field  conditions,  and  by  taking  measurements  upon  the  rate  of 
approach  to  equilibrium  we  also  secure  an  insight  into  the  nature  and 
rate  of  change  in  soil  moisture  during  evaporation  or  absorption 
when  sudden  climatic  changes  disturb  the  approximate  equilibrium 
between  atmospheric  moisture  and  soil  moisture.  Such  displace- 
ment of  equilibrium  may  be  due  to  currents  of  air  bringing  a  more 
or  less  humid  atmosphere  from  a  distance,  or  to  heat  changes  accom- 
panied by  precipitation  on  cooling,  or  greater  saturation  capacity 
of  the  air  for  water  on  heating. 

The  first  variation — change  in  humidity — may  be  experimentally 
reproduced  by  placing  several  equal  portions  of  a  soil  of  known  mois- 
ture -content  in  desiccators  whose  individual  atmospheric  humidity  is 
maintained  practically  constant  by  sulphuric  acid,  differing  in  strength 
for  each  desiccator  and  thus  giving  a  range  of  humidity  from  the  very 
low  partial  pressure  of  concentrated  acid  to  the  vapor  pressure  of 
water  at  the  temperature  chosen  for  the  experiments. 

The  second  source  of  variation — heat  changes — may  be  studied  b}^ 
nmning  equilibrium  experiments  similar  to  those  just  described,  but 
at  different  temperatures,  and  comparing  the  quantities  of  moisture 
in  soil  and  in  vapor  above  it  at  each  of  these  temperatures. 

«  Ann.  Phyp.,  24,  321  (18K5). 

''Pub.  Carn(»gie  InHt.  of  VVanhington,  No.  31,  pp.  5G  57;  Am.  Jour.  Sri.  (4),  19,93 
09()5). 
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EVAPORATION  STUDIES. 

Ezpeiixnental  methods. 

The  evaporation  of  water  from  soils  was  determined  under  different 
degrees  of  humidity,  secured  by  maintaining  the  soils  in  small  weigh- 
ing bottles  in  desiccators  containing  sulphuric  acid  in  varying  concen- 
tration. Quantitative  preliminary  work  showed  the  need  of  accurate 
temperature  control;  consequently  the  experiments  here  described 
were  carried  out  in  a  double-walled  air  thermostat  heated  by  incan- 
descent electric  lights,  the  current  being  controlled  by  a  Geer  thermo- 
regulator  "  and  the  air  circulated  by  an  electric  fan.  (The  tempera- 
ture was  recorded,  when  desired,  by  a  thermograph.  The  temperature 
could  thus  be  held  constant  and  within  0.1°  C.for  days.) 

Difluflion  conBtant  for  the  deaiccaton. 

As  regards  the  diffusion  of  water  vapor  from  the  soil  in  the  weighing 
bottle  through  the  atmosphere  of  the  desiccator  down  to  the  surface 
of  the  sulphuric  acid,  it  may  be  stated  that  in  general  this  takes  place 
at  a  very  constant  rate.  This  constancy  will  be  evident  from  an 
inspection  of  the  curves  given  in  figures  1,  2,  and  3,  for  the  evapora- 
tion of  soils  in  atmospheres  of  different  degrees  of  humidity.  As 
may  be  expected,  these  curves  are  linear  during  the  time  when  evap- 
oration is  taking  place  from  the  larger  soil  tubes,  but  when  the  soil 
moisture  begins  to  evaporate  from  the  finer  capillary  spaces,  the  rate 
of  evaporation,  and  consequently  the  diffusion  constant  itself,  changes 
as  evaporation  proceeds.  A  variation  in  the  value  of  this  diffusion 
constant  may  also  be  due  to  a  slight  difference  in  the  size  of  the 
mouths  of  the  weighing  bottles. 

Experimental  data. 

The  rate  of  approach  to  equilibrium  of  quartz  flour,  Podunk  fine 
sandy  loam,  and  Sea  Island  cotton  soils  over  water  and  over  sul- 
phuric acid  of  different  strengths  at  25°  C.  is  given  in  Tables  II,  III, 
and  IV,  respectively.  The  upper  section  of  each  table  shows  the  loss 
of  water  from  a  wet  soil  as  the  evaporation  proceeds,  while  the  lower 
section  gives  the  absorption  by  the  same  soil  in  dry  condition  under 
the  same  conditions  of  temperature  and  hun^idity.  Thus  if  sufficient 
time  be  given,  the  same  percentage  of  moisture  will  be  found  in  the 
soil  regardless  of  its  previous  moisture  content;  i.  e.,  equilibrimn  is 
approached  from  both  the  wet  side  and  the  dry  side.  At  the  head  of 
each  column  in  the  tables  is  given  the  strength  of  sulphuric  acid 
expressed  in  percentage  by  weight  and  the  corresponding  partial  pres- 
sure of  water  vapor  in  millimeters  of  mercury.^  The  evaporation 
data  from  the  upper  half  of  Tables  II,  III,  and  IV  are  plotted  in 
figures  1 ,  2,  and  3,  for  quartz,  Podunk,  and  Sea  Island  soils,  respec- 
tively, ordinates  being  percentage  moisture  in  the  soil  reckoned  upon 
its  dry  weight,  and  abscissas  time  in  days. 

«Jour.  Phys.  Chem.,  «,  85  (1902).  2>Landolt  and  Bdmstein,  Tabellen. 
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Table  II. — Charygein  moisture  content  of  quartz  fiour  exposed  to  atmospheres  of  dif- 
ferent humidity  at  25^  C. 


MOIST  SOIL. 

1 

Strength  of  sulphuric  acid,  with  equivalent  partial  prasaure  of  water  vapor. 

Water  alone 

94  per  cent               55.4  per  cent 

42Ji5  per  cent 

29.84  per  cent 

23.55 

niTTi 

-  0 

.10  mm. 

=  6.0  mm. 

«  12  mm. 

—  17.9  mm. 

Periotl 

. 

Moisture 
content. 

Period. 

Moisture 
content. 

Period. 

Moisture 
content. 

Period. 

Moisture 
content. 

Period. 
Dayt. 

Moisture 
content. 

Dayt. 
0.00 

Per  cerU.     Days. 

Percent. 

JHiyt. 

Percent. 

Dayt. 

Percent. 

Percent, 

30.00          0.00 

30.00 

0.00 

30.00 

0.00 

30.00 

0.00 

30.0 

.167    1       29.40    -      l.QS 

27.80 

1.04 

2&50 

1.04 

29.20 

1. 01 

29.9 

1.00      i       26.30    ;      2.11 

25.40 

2.10 

27.20 

2.11 

28.50 

2.11 

29.8 

2.08 

23.10 

3.08 

23.40 

3.06 

25.80 

3.09 

27.80 

3.04 

29.7 

3.08 

19.80 

4.00 

21.60 

4.04 

24.60 

4.04 

27.20 

6.04 

29.5 

4.00 

16.80 

8.00 

13.90 

&00 

20.00 

8.00 

24.80 

13.00 

29.3 

5.15 

13.40 

10.10 

9.80 

13.00 

13.80 

13.00 

22.00 

27.00 

28.6 

6.04 

^9.80 

13.00 

4.10 

17.00 

9.50 

21.20 

17.70 

55.00 

28.5 

8.02 

4.40 

17.00. 

.10 

19.20 

6.90 

23.00 

14.30 

97.00 

25.4 

9.C6 

1.90 
.50 
.10 
.10 
.07 
.07 

33.00 

.00 

23.00 
25.00 
26.00 
27.00 
30.00 
33.00 

2.80 
1.20 
.20 
.12 
,12 
.11 

33.00 
38.00 
46.00 
52.00 
97.00 

11.00 

8.20 

4.30 

1.30 

.12 

9.87 

1 1 

10. 13 

11.16 
17.00 
33.00 

1 

1 

1 

0.0 

• 

DRY  SOIL. 

1 

1          0.0 

0. 10            0. 0 

0.1 

0.0 

0.10 

0.0 

0.10 

0.10 

1.0 

.10    1        1.0 

1 

1.0 

.10 

1.0 

.10 

1.0 

.20 

13.0 

.08    1      33.0 

.1 

33.0 

.11 

3.0 

1          .10 

2.0 

.20 

33.0 

.07 

97.0 

.12 

3.0 
6.0 
13.0 
27.0 
55.0 
97.^ 

.20 
.30 
.30 
.40 
.42 
.01 

1 

1 

1 

, 

-'— 



- 

• 



30 

r£ft 

• 

. 

ho 

> 

u 

"^ 

8 

X.     . 
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20 
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Fig.  1.— Curves  for  quartz  flour,  showing  effect  of  humidity  upon  rate  of  evaporation. 
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Table  III. — Change  in  Tnoisture  content  of  Podunk  fine  sandy  loam  soil  exposed  to 

atmospheres  of  different  humidity  at  25"^  C. 


MOIST  SOIL. 


strength  of  sulphuric  acid,  with  equivalent  partial  pressure  of  water  vapor. 

Water  alone. 

95.6  per  cent 

55.4  per  cent 

42.55  per  cent 

29.84  per  cent 

23  55 

nriTTi 

«0.10  mm. 

-6.0 

mm. 

-12 

mm. 

—17.9  mm. 

Period. 
Dayt. 

Moisture 
content. 

1 
Period. ' 

Moisture 
content. 

Period. 

Moisture 
content. 

Period. 

Moisture 
content. 

Per  cent. 

Period. 

Moisture 
content. 

Per  cent. 

Days. 

Per  cent. 

Days. 

Per  cent. 

Days. 

Days. 

Per  cent. 

0.00 

30.00 

0.00 

30.0 

0.00 

30.00 

0.00 

30.00 

0.00 

30.0 

.167 

20.50 

1.02 

28.1 

1.04 

28.70 

1.04 

20.20 

1.01 

29.9 

<      1.00 

26.70 

2.11 

25.9 

2.11 

27.50 

2.11 

28.50 

2.12 

29.8 

2. 09             23. 30 

3.08 

23.8 

3.09 

26.80 

3.11 

27.80 

3.12 

29.7 

3.00 

20.30 

4.00 

22.1 

4.04 

25.20 

4.04 

27.20 

6.04 

29.5 

4.00 

17.90 

8.00 

14.8 

8.00 

20.60 

&00 

24.60 

13.00 

29.2 

5.15 

13.90 

9.10 

11.2 

13.00 

15.70 

13.00 

21.60 

27.00 

28.6 

6.04 

11.50 

13.00 

6.0 

17.00 

11.90 

21.20 

16.80 

55.00 

27.5 

8.02 

5.60 

17.00 

.4 

19.20 

9.80 

23.00 

13.30 

97.00 

26.5 

9.05 
9.87 
10.13 
11.16 
17.00 
33.00 

2.50 
.70 
.40 
.30 
.13 
.04 

33.00 

.3 

23.00 
25.00 
27.00 
30.00 
33.00 

5.70 

3.50 

1.10 

.40 

.43 

33.00 
38.00 
46.00 
52.00 
97.00 

9.70 

6.50 

2.50 

.60 

.51 

' 

, 

1 

1                  i 

■ 

1 

DRY  SOIL. 


0.0 
1.0 
13.0 
17.0 
21.0 
33.0 

0.30 
.30 
.16 
.13 
03 
.02 

0.0 

1.0 

10.0 

33.0 

0.3 
.4 
.4 

3 

00 

1.0 

33.0 

0.3 
.4 
.4 

0.0 

1.0 

3.0 

97.0 

0.30 
.50 

.51     1 
.48    1 

LOl 
2.12 
3.12 
6.04 

13.00 

27.00 

--_- 

1 

55.00 

1 

97.00 

1 

. 

0.30 

.70 

.70 

.80 

.90 

1.00 

1.10 

1.16 

1.24 


10 


20 
TtMt  in  OArs 


30 


Fig.  2.— Curves  for  Podunk  soil,  showing  effect  of  humidity  upon  rate  of  evaporation. 
27876— Bul.  51—08 3 
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Tablb  IV. — Change  in  moisture  content  of  Sea  Island  cotton  soil  exposed  to  atmospheres 

of  different  humidity  at  25^  C. 


MOIST  SOIL. 


strength  of  sulphuric  acid,  with  equivalent  partial  pressure  of  water  vapor. 


94  per  cent 
—0.10  ram. 


56.4  per  cent 
a-6.0  mm. 


P«''od.  :«tt^i;^    Period. 


Day: 
0.00 


Moisture 
content. 


Days. 

Per  cent 

0.00 

55.00 

.167 

54.20 

.96 

51.60 

2.08 

48.60 

3.08 

45.60 

4.00 

43.20 

&15 

40.10 

6.04 

37.60 

8.02 

30.00 

9.a5 

27.00 

9.87 

24.00 

11.16 

17.90 

12.08 

13.70 

13.  a5 

9.20 

14.00 

6.  40 

17.00 

2.10 

21.00 

.98 

33.00 

.34 

1. 

2. 


01 
10 


3.08 
4.00 
8.00 
10.10 
13.00 
17.00 
19.20 
23.00 
25  00 
27.00 
30.00 
33.00 
52.00 


Per  cent. 

55.0 

52.9 

50.5 

48.4 

46.5 

37.4 

33.1 

27.6 

17.6 

11.2 

4.6 

3.5 

3.1 

2.9 

2.9 

2.8 


42.55  per  cent 
—12  mm. 


Period. 


Days. 

0.00 

1.04 

2.09 

3.08 

4.04 

8.00 

13.00 

17.00 

19.20 

23.00 

27.00 

30.00 

:«.00 

38.00 

46.00 

62.00 


Moisture 
content. 


Per  cent. 

55.0 

53.2 

51.4 

49.8 

48.3 

42.1 

35.0 

29.4 

26.1 

20.4 

15.0 

10.5 

6.6 

4.7 

4.4 

4.2 


29.84  per  cent 
—17.9  mm. 


Period. 


Days. 

0.00 

1.03 

2.11 

3.09 

4.04 

&00 

13.00 

21.20 

27.00 

33.00 

40.00 

52.00 

97.00 


Moisture 
content. 

Per  cent. 
55.00 
54.10 
53.30 
52.10 
51.90 
49.30 
46.30 
41.20 
37.70 
34.10 
25.50 
21.53 
6.08 


Water  alone. 


23.55  mm. 


Period, 

Moisture 
content. 

Days. 

Percent. 

0.00 

55.0 

1.10 

54.8 

2.11 

54.7 

3.14 

54.6 

6.04 

54.3 

&00 

54.0 

laio 

53.9 

13.00 

53.7 

27.00 

53.1 

55.00 

49.2 

97.00 

48.5 

DRY  son>. 


0.0 
1.0 
13.0 
17.0 
21.0 
33.0 

4.40 
4.10 
2.90 
1.70 
1. 00 
.47 

0.0 

1.0 

13.0 

33.0 

52.0 

4.4 

4.6 
4.8 
2.9 
2.8 

0.0 

1.0 

13.0 

21.0 

4.4 

4.7 
4.9 
4.1 

0.0 

1.0 

3.0 

4.0 

13.0 

21.0 

97.0 

4.4 

4.9 
5.4 
5.5 
5.9 
6.0 
5.6 

0.00 

1.01 

2.13 

3.12 

4.04 

6.00 

8.00 

10.10 

13.00 

27  00 

55.00 

97.00 

4.4 

5.1 
5.6 
5.9 
(il 
&6 
6.8 
7.2 
7.6 
8.6 
9.2 
9.7 

) 

j                 , 

1 

. 

^ 

' 

'         1 

1 
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Discuflflion. 

Evaporation  from  soils  under  different  conditions  of  humidity  in 
general  proceeds  regularly,  as  shown  by  the  above  curves,  which  are 
similar  in  form.  The  curves  for  Sea  Island  soil  over  55.4  per  cent 
sulphuric  acid  and  over  the  concentrated  acid  (fig.  3)  are  displaced 
to  the  left  in  their  lower  portions.  This  effect  is  almost  certainly 
due  to  the  fact  that  the  samples  of  quartz,  Sea  Island,  and  Podunk 
soils  were  run  in  the  same  desiccator.  The  latter  two  soils  holding 
less  water,  reached  the  dry  state  first,  and  when  they  no  longer  gave 
up  water  to  the  surrounding  atmosphere  the  rate  of  evaporation  for 
Sea  Island  cotton  soil  increased,  thus  producing  the  displacement  in 
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Fig.  3.— Curves  for  Soa  Island  cotton  soil,  showing  ofTect  of  humidity  upon  roto  of  evaporation. 

the  curve.     This  observation  emphasizes  the  necessity  of  closely 
regulating  the  conditions  for  evaporation  studies. 

The  influence  of  the  presence  of  organic  matter  in  a  soil  is  shown 
by  a  comparison  of  the  evaporation  curves  for  (]uartz,  Podunk, 
and  Sea  Island  soils  over  concentrated  sulphuric  acid.  The  pres- 
ence of  organic  matter  in  Sea  Island  soil  increases  its  water-holding 
power  some  25  per  cent  above  that  of  quartz  or  Podimk  soil,  but  it 
does  not  decrease  the  rate  of  evaporation,  for  the  Sea  Island  curves 
are  very  nearly  parallel  to  those  for  Podunk  fine  sandy  loam  and  for 
quartz. 
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The  foregoing  study  is  important  in  that  it  gives  a  valid  basis  for 
applying  the  experimental  results  determined  for  one  humidity  con- 
dition to  any  other  humidity  condition.  Because  of  the  high  rate 
of  evaporation  and  slow  change  in  vapor  pressure  of  the  acid,  it  is 
preferable  to  use  concentrated  sulphuric  acid  in  evaporation  studies. 
Results  thus  obtained  may  be  confidently  used  for  general  application. 
The  relation  of  the  length  of  time  required  for  a  soil  to  dry  out 
to  the  atmospheric  humidity  is  of  great  agricultural  interest.  Equal 
changes  in  humidity  correspond  to  very  imequal  periods  recjuired 
for  a  soil  to  dry.  Thus,  for  quartz,  60  days  would  be  required  to 
reach  to  air-dry  condition  with  an  atmospheric  humidity  of  75  per 
cent:  26  days  with  50  per  cent  humidity;  16  days  with  26  per  cent 

humidity,  and  the  propor- 
tionately long  period  of  10 
days  with  1  per  cent  hu- 
midity. 

The  rate  of  evaporation 
curves  show,  too,  that  wet 
soil  in  an  atmosphere  satu- 
rated with  water  vapor 
slowly  loses  weight.  This 
loss  may  be  due  to  several 
disturbing  influences. 

There  is  a  slight  differ- 
ence  in  the  vapor  pressure 
of  the  water  in  the  bottle 
B  and  the  water  W,  caused 
by  the  weight  of  a  column 
of  vapor  of  height  h  (see  fig.  4) .  Pb  —  Pw  =  hd,  where  Pb  and  P^  are  the 
vapor  pressures  at  the  level  in  the  bottle  and  at  the  lower  water 
surface  W,  respectively,  and  d  is  the  density  of  the  vapor.  Although 
this  value  is  very  small,  it  is  theoretically  (if  interest  and  might  enter 
into  calculation  when  the  time  factor  is  large. 

Small  changes  in  temperature  would  cause  loss  of  water  from  the 
weighing  bottle  containing  moist  soil.  If  the  temperature  rises  a 
little  this  will  first  affect  the  desiccator  near  the  outside  wall,  at  A, 
figure  4.  The  increase  in  temperature  momentarily  reduces  the  rela- 
tive humidity,  thus  disturbing  the  ecjuilibrium.  In  order  to  restore 
equilibrium  water  vapor  moves  from  the  interior  of  the  desiccator 
near  B  toward  A.  This  produces  at  the  same  time  evaporation  of  the 
water  in  B  and  of  the  water  at  W  in  the  bottom  of  the  desiccator.  If 
a  slight  drop  in  the  temperature  within  the  thermostat  now  takes  place 
cooling  will  first  occur  at  A,  followed  by  supersaturation  and  finally 
by  condensation  of  moisture  at  A  until  equilibrium  is  again  estab- 


Fio.  4.— Drawing  of  di^iccator  contaiiiiiig  soil  sampk 
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lished.  This  cooling,  however,  will  not  produce  a  condensation 
upon  the  surface  of  the  soil  equal  in  amount  to  the  loss  by  evapora- 
tion due  to  rise  in  temperature.  Thus  a  slow  loss  of  water  from 
soil  will  result. 

The  thermostat  was  heated  by  an  incandescent  electric  lamp,  con- 
sequently a  black  soil  might  absorb  sufficient  radiant  energy  to  main- 
tain its  temperature  slightly  above  that  of  the  surrounding  medium. 
The  vapor  pressure  of  the  warmer  soil  moisture  would  be  higher,  and 
a  distillation  of  water  from  B  to  W  would  result. 

Opening  the  desiccator  for  estimation  of  the  moisture  in  soil  would 
reduce  the  humidity  and  cause  evaporation  from  the  soil  when  t^eplaced 
after  weighing. 

ABSORPTION  STUDIES. 
Experimental  data. 

The  absorption  of  moisture  by  air-dry  soils  in  an  atmosphere  sat- 
urated with  water  vapor  is  shown  by  the  data  given  in  Tables  II,  III, 
and  IV  for  quartz,  Podunk  fine  sandy  loam,  and  Sea  Island  cotton 
soils  at  25^  C.  As  stated  above,  these  experiments  were  carried  out 
with  weighing  bottles  placed  in  a  desiccator.  A  parallel  set  of 
experiments  using  shallow  aluminum  dishes  showed  that  the  dishes 
do  not  give  so  great  gain  in  moisture  as  is  obtained  when  weighing 
bottles  are  used.  The  three  soils  used  here  were  in  air-dry  condition 
at  the  start;  their  moisture  content  in  percentage  is  given  in  Tables 
II,  III,  and  IV. 

A  set  of  absorption  experiments  was  carried  out,  using  other  soils 
and  soil  separates  which  had  been  heated  to  constant  weight  at  110®  C. 
and  then  placed  in  a  saturated  atmosphere  at  28°  C.  This  set  was 
not  subjected  to  such  accurate  temperature  control  as  those  given 
above,  still  the  curves  obtained  by  plotting  gain  in  moisture  against 
time  of  absorption  are  very  regular  and  the  data  fairly  characteristic. 
The  data  are  given  in  Table  V. 

Table  V. — Water  vapor  absorbed  by  noils  from  a  saturated  atmosphere  at  28°  C. 


Period. 

1 

Galveston 
clay. 

Ilagers- 
townloam. 

Per  cent. 
1.717 
2.047 
2.363 
3.152 
3.317 
3.625 
3.974 
4.014 
4.107 
4.553 

Marshall 
silt  loam. 

Per  cent. 
1.823 
2.220 
2.455 
2.990 
3.160 
3.383 
3.603 
3.611 
3.713 
4.005 

Norfolk 
sand. 

Per  cent. 
0.169 
.220 
.240 
.322 
.334 
.354 
.390 

Quart/.. 

Days. 

1   . 

2 

3 

14 

19 

23 

31 

.34 

37 

49 

Per  cent. 

4.699 

5.896 

6.504 

8.928 

9.685 

9.779 

10.228 

10.277 

10.373 

10.841 

Per  cent. 
0.144 
.203 
.245 
.417 
.420 

.574 

.416    1            .625 
.440                .752 

i 

AREA  I 

'ER  GRAM. 

Sq.  cm. 
3.280 

Sq.  cm. 
2,270 

Sq.  cm. 
2,320 

Sq.  cm. 
300 

Sq.  cm. 
1,260 
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Ftq.  5.— Curve  showing  variation  of  moisturo   in  quarts 
flour  with  increasn  in  atmofipheric  humidity. 


Diflcuaaion. 

At  the  bottom  of  Table  V  is  given  the  area  of  each  soil  in  square 

centimeters  per  gram  as  calculated  from  its  mechanical  analysis. 

This  affords  a  rough  com- 
parison of  soil  texture  with 
absorptive  power,  and 
shows  that  in  a  broad  way 
the  absorptive  power  is 
greater  for  soils  of  fine  tex- 
ture, as  would  be  expected. 
Galveston  clay  absorbs 
three  times  the  mass  of 
water  vapor  that  Marshall 
silt  loam  takes  up,  while 

the  calculated  area  of  the  clay  per  gram  is  not  three  times  greater, 

but  less  than  a  third  greater,  than  for  the  silt  loam. 

BSPBNDENCE  OF  MOISTUBB  OONTEKT  UPON  HUMIDITY. 

Table  VI  contains  a  summar>'  of  the  equilibrium  points  already 
given  in  Tables  II,  III,  and  '^ 

IV — that  is,  the  percent- 
age of  moisture  retained 
by  each  soil  over  each 
strength  of  sulphuric  acid, 
a  quantity  which  is  practi- 
cally the  same  as  the  per 
centage  absorbed  by  the 
air-dry  soil  from  air  satu- 
rated with  moisture  over  ^>Q-^»-— ^urve  showing  variation  of  int)islure  in  Podunkaoll 
,       ,.^  .  .       ,.  with  increase  in  atmospheric  humldltv. 

the  dmerent  concentrations 

of  sulphuric  acid  used.     Of  course,  during  the  evaporation  from  the 
moist  soil   the  sulphuric   acid   in   each  desiccator  became   dilute^!. 

In  Table  VI  is  given  the 
initial  and  final  strength  of 
each  portion  of  acid  and 
the  corresponding  partial 
pressures  of  water  vapor 
over  this  acid.  Opposite 
these  acid  percentages  are 
found  the  moisture  con- 
tents of  each  soil,  quartz, 
Podunk,  and  Sea  Island. 

In  figures  5,  6,  and  7 
curves  are  plotted  from  the 
data  given  in  Table  VI,  showing  the  variation  in  moisture  content 
of  each  soil  with  increasing  atmospheric  humidity.     Ordinals  are  in 
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Fig.  7.— Curve  showing  variation  of  moisture  in  Sea  Island 
cotton  soil  with  increase  in  atmospheric  humidity. 
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partial  pressures  of  water  vapor  expressed  in  millimeters  of  mer- 
cury; abscissas  percentage  of  water  in  the  soil. 

Table  VI. — Varialion  of  moisture  content    of  soil  vnth  humidity  under  equilibrium 

conditions  at  2^  C. 


Strength  of  milpburio  acid. 


Quartx. 


Podunk. 


Initial. 


Ptreeut^Mm, 


M.00 
66w40 
42.65 
2a  84 
Water. 


a  01 

&00 

12L00 

17.90 

23.50 


Final. 


Percent* 
8&3 
5L2 
30.0 
27.1 

Water. 


'Mm. 

aoo 

&00 
14.00 
1&30 
23.50 


Drying 
out. 


Per  cent. 

a07 

.00 

.11 

.12 


Absorb- 
Inff 
mois- 
ture. 


Drying 
out. 


Per  cent. 

Per  cent. 

ao7 

0.04 

.10 

.30 

.11 

.43 

.12 

1         .51 

.61 

1 

Absorb- 
ing 
mois- 
ture. 


Per  cent. 

a  02 
.30 
.40 
.48 

1.24 


Seali 

aland. 

Absorb- 

Drying 

ing 

out. 

mois- 

ture.     1 

Per  cent. 

Per  cent. 

a  34           a  47 

2.80           2L80 

4.20 

4.10 

6.08 

5.60 

9.70 

The  point  on  each  of  these  curves  figures  5,  6,  and  7  corresponding 
to  23.6  mm.,  the  partial  pressure  of  water  vapor  at  25®  C,  may  be  high 
on  aqpount  of  the  ''dew  point"  effect  produced  by  even  slight  tem- 
perature changes,  as  suggested  in  the  previous  discussion. 

Because  of  the  wide  range  through  which  the  moisture  content 
varies,  the  curve  for  Sea  Island  cotton  soil  in  figure  7  is  probably 
the  most  correctly  de- 
termined. Owing  to  its 
low  percentage  of  ab- 
sorbed water,  errors 
caused  by  slight  tem- 
perature change?  are 
greater  relatively  for 
quartz,  and  its  curve  in 
figure  5  is  less  accurate. 
These  curves  in  figures 
5,  6,  and  7  resemble 
those  given  by  van 
Bemmelen*  for  the  ab- 
sorption of  water  vapor 
by  silicic  acid  at  various 
partial;  pressures,  save 
that  for  these  soils  no 
certain  hysteresis  effect 
is  shown.  However,  we 
are  here  dealing  with  an  adsorption  effect  rather  than  with  imbi- 
bition, especially  in  the  case  of  quartz  flour;  whereas  van  Bemmelen's 
hysteresis  effect  occurs  with  the  colloidal  silicic  acid  and  is  due  mainly 
to  imbibition;  indeed,  he  gives  data  showing  that  the  fineness  of  the 
silicic  acid  particles  has  no  marked  effect  upon  the  mass  of  water 
vapor  absorbed. 

aZeit.  anorjr.  Chpm.,  18,  233  (1896-97). 
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For  comparison  with  this  data,  von  Dobeneck's  work  upon  the 
absorption  of  water  vapor  by  humus  in  atmospheres  of  different 
humidity  is  given  in  Table  VII.  The  equilibrium  points  are  plotted 
in  figure  8  and  give  a  curve  similar  in  form  to  that  in  figure  6  for 
the  Podimk  soil. 

Table  VII. — Change  in  moisture  content  of  humus  submitted  to  atmospheres  of  different 

degrees  of  humidity  at  2(P  C,  according  to  von  Dobeneck. 


Humidity  30  per 
cent. 


Period. 


Moisture 
absorbed. 


Day*. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Per  cent. 
1.68 
2.96 
3.47 

.  3.62 
3.68 
3.73 
3.80 
3.94 
3.90 
4.01 
4.03 
4.05 


Humidity  50  per 
cent. 


Ppriod  I  Moisture 
i-enoa.  -absorbed. 


Days. 

1 

2 

3 

.     4 

5 

6 

7 

8 

9 

10 

11 


Per  cent. 
a  4. 91 
6.77 
6.41 
6.96 
7,36 
7.60 
7.63 
7.68 
7.74 
7.75 
7.76 


Humidity  70  per 

Humidity  90  per 

Humidity  100  per 

cent. 

cent. 

cent. 

Period. 

Moisture 
absorbed. 

Period. 

Moisture 
absorbed. 

Period. 

Moisture 
absorbed. 

Day  9. 

Percent. 

Days. 

Per  cent. 

Days. 

Percent. 

1 

08.03 

1 

a  10. 85 

1 

a  16. 11 

2 

8.47 

2 

11.28 

2 

16.49 

3 

8.74 

3 

11.65 

3 

16.76 

4 

9.00 

4 

12.06 

4 

16.93 

5 

9.31 

5 

12.48 

6 

17.09 

6 

9.51 

.   6 

12.96 

6 

17.29 

7 

9.70 

7 

13.44 

7 

17.50 

8 

9.77 

8 

13.94 

8 

17.71 

9 

9.94 

9 

14.28 

9 

17.83 

10 

10.16 

10 

14.66 

10 

17.85 

11 

10.27 

n 

14.95 

11 

17.89 

12    ;      10.32 

12 

16l24 

12 

17.90 

13          10. 47 

13 

15.27 

13 

17.96 

14          10.42 

14 

15.36 

14 

18.02 

15  .      10.48 

16  10. 54 

17  10.57 

18  ,      10.58 

19  ;      10.50 

20  !      10.58 

15 
16 
17 
18 
19 
20 

15.44 
15.49 
15.55 
15.59 
15.63 
15.67 

a  The  sample  of  humus  after  being  saturated  in  an  atmosphere  of  a  given  degree  of  humidity  WM 
placed  in  an  atmosphere  of  higher  humidity  and  allowed  to  reach  equilibrium.  This  process  wM 
continued  up  to  an  atmosphere  of  100  per  cent  humidity. 

AB80EPTI0N  OF  OTHEE  VAPOES. 

In  Table  VIII  is  given  the  percentage  of  toluene  (CeHj.CH,)  vapor 
absorbed  by  Galveston,  Hagerstown,  Marshall,  and  Norfolk  soils  and 
quartz  from  a  saturated  atmosphere  at  28°  C.  Similarly,  Table  IX 
contains  the  percentage  of  ether  taken  up  by  the  soils  at  27°  C.  from 
an  atmosphere  consisting  entirely  of  ether  vapor.  Comparing  these 
results  with  those  given  in  Table  V  it  is  seen  that  Galveston  clay  has 
the  same  relative  absorptive  power  for  toluene  and  for  water,  although 
the  mass  of  water  vapor  retained  is  almost  exactly  twice,  that  of  the 
toluene.  The  Hagerstown,  Marshall,  and  Norfolk  soils  absorb  toluene 
vapor  to  the  extent  of  slightly  less  than  half  the  mass  of  water  vapor 
each  soil  can  take  up.  Galveston  clay  absorbs  about  one-half  more 
ether  than  water  by  weight,  while  the  reverse  is  true  of  Norfolk  sand, 
and  the  other  two  soils  take  up  about  the  same  quantity  of  ether  as  of 
water.  Table  X  gives  the  absorption  of  water,  ether,  and  toluene 
vapors  at  28°  C.  by  a  soil  separate  fraction  obtained  in  the  mechanical 
analysis  of  soils"  whose  grains  varied  from  0.1  to  0.05  mm.  in  diame- 


oSee  Bui.  No.  24,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1904). 
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ter.  Here  the  absorption  of  ether  vapor  is  slightly  higher  than  that 
of  water,  and  the  toluene  considerably  lower.  Still  the  quantities  of 
all  three  vapors  absorbed  are  of  the  same  order  of  magnitude. 

■  _ 

Table  YIIl.— Toluene  vapor  absorbed  by  soils  from  a  saturated  atmosphere  at  iS°  0^ 


Period. 

Galveston      Ilagers-       Marshall 
clay.        town  loam,    silt  loam. 

1 

Norfolk 

sand. 

Quartz.  ■ 

Hours. 

18.00 

25.25 

67.06 

139.00 

187.00 

477.00 

Per  cent. 
2.400 
2.697 
3.797 
4.467 
4.791 
5.318 

Per  cent. 
0.860 

Per  cent. 
0.810 
.853 
1.297 
1.529 
1.615 
1.759 

Per  cent. 
0.07S 
.083 
.117 
.138 
.167 
.185 

Percent. 
0.112 

1.367 
1.736 
1.851 
1.866 

.192 
.272 
.285 
.285 

Table  IX. — Ether  vapor  absorbed  by  soils,  at  27°  C,  675  mm.  pressure. 


Period. 


Days. 
a  75 

n.75 
m75 
2a  00 

31.00 


Galveston 

TTa^ers- 

clay. 

townloam. 

Percent. 

Per  cent. 

4.320 

2.625 

4.84C 

a580 

5.015 

a82 

5.760 

3.995 

5. 870 

4.371 

Marshall 
silt  loam. 

Per  cent. 
2.320 
a  070 
a  310 
a  605 
a895 


Norfolk 
sand 


Per  cent. 
a  421 
.459 
.470 
.618 
.  018 


Table  X. — Absorption  of  water,  ether,  and  toluene  vapors  by  a  soil  separate 

(0.1-0.05  mm.),  at  gS9  C. 


Period. 

• 

Tolaene. 

Per  cent. 
0.264 

Ether. 

Per  cent. 
a  481 

.515 

Water. 

Hours. 

17.  75 

25.50 

35.00 

42.  75 

10a75 

114.50 

154.  Z'i 

16ZO0 

35Z00 

Per  cent. 

a  3(57 

.418 

.343 

.699 

.539 

.396 

.763 

.609 

.405 

.624 
.718 

■ 

ABSOEPTION  OF  GASES. 
Absorption  of  air. 

Reichardt  and  Bhimtritt"  recovered  the  gas  absorbed  by  vr.rious 
soils  and  soil  constituents  from  the  atmjosphere  and  analyzed-  it  to 
ascertain  what  proportion  of  each  atmospheric  gas  was  held  fixed 
in  the  soil.  Their  results  are  given  in  Table  XI,  and  show  that  nitro- 
gen is  absorbed  to  a  much  greater  extent  than  oxygen,  and  that 
each  gas  is  retained  to  a  different  degree  by  different  substances,  a 
clear  indication  of  the  selective  power  which  solids  and  gases  mutually 
exert  in  absorption. 

Dewar  ^  has  shown  that  all  the  inert  gases — argon,  helium,  noon, 
krypton — can  be  condensed  in  charcoal  as  effectively  as  ordiu  ary 
gases  at  suitable  pressure  and  temperature. 

a  Jour,  prakt.  Chem.,  98,  476  (1866). 
6  Proc.  Roy.  Soc.,  74,  130  (1904). 
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Table  XI. — Absorption  of  atmosplieric  gases  by  various  substances j  according  to  Reichardt 

and  Blumtritt. 


Substfinoe. 


Charooal,  air  dry , 

Peat 

Garden  soil 

Fe  (OH)t,  airdry 

FetOi.  Ignited 

Al  (OH)a,  air  dry 

Alumina,  dried  at  100°  C 

Clay 

Clay,  moistened 

River  Bilt 

Magnesium  carbonate. . . 
Gypsum,  pulverized 


Ratio,  by  volur 

Gasper 

100  grams. 
C.  c. 

Nitrogen. 

Oxygen. 

Percent. 

Percenl.  i 

164 

100 

0  1 

162 

44 

5 ; 

14 

65 

2 

376 

26 

4 

39 

83 

13 

69 

41 

0 

11 

83 

17 

33 

65 

21 

29 

60 

6 

40 

68 

0 

729 

64 

7 

17 

81 

19 

CO«. 


Per  cent. 


0 
51 
33 
70 

4 
59 

0 
14 
34 
33 
29 

0 


Absorption  of  oxy^n. 

In  addition  to  the  experiments  of  de  Saussure,  Smith,  Stenhouse, 
and  Reichardt  and  Blumtritt,  several  series  of  investigations  have 
been  carried  out  upon  the'  absorption  of  oxygen  gas.  Joulin,"  work- 
ing with  ignited  charcoal,  found  that  oxygen  was  so  quickly  absorbed 
that  measurements  on  the  velocity  pf  absorption  were  not  possible 
with  the  means  at  his  command.  Baker  ^  has  shown  that  a  tem- 
perature of  450°  C.  is  required  to  recover  the  gas  from  charcoal  which 
has  absorbed  dry  oxygen,  and  that  the  gas  thus  obtained  is  mainly 
carbon  monoxide,  only  a  little  carbon  dioxide  being  formed.  De- 
war,*  on  the  other  hand,  by  using  a  low- temperature  bath  of  liquid 
air  has  succeeded  in  absorbing  in  charcoal  more  oxygen  than  nitibgen 
from  the  atmosphere,  and  upon  warming  the  charcoal  to  ordinary 
room  temperature  again  a  large  part  of  this  oxygen  is  liberated,  along 
with  nitrogen,  thus  affording  a  ready  means  of  obtaining  oxygen  from 
air  by  simply  repeating  the  absorption  and  liberation  process  till  the 
oxygen  has  the  desired  degree  of  purity.  *  Richards  and  Rogers,** 
too,  have  shown  that  zinc  oxide  derived  from  the  nitrate,  even  when 
heated  to  very  high  temperatures,  retains  nitrogen  and  oxygen. 
Morse  and  Arbuckle  *  confirmed  these  results,  but  found  no  evidence 
supporting  Richards  and  Rogers's  conclusion  that  the  absorbed  oxygen 
escapes  more  readily  than  the  nitrogen.  The  zinc  oxide  was  heated 
by  Morse  and  Arbuckle  to  a  temperature  sufficient  to  melt  cast  steel 
and  still  retained  per  gram  of  oxide  some  0.3  c.  c.  of  gas  whose  com- 
position varied — the  nitrogen  between  64.32  and  68.18  per  cent,  and 
the  oxygen  correspondingly,  while  the  total  volume  of  occluded  gas 
was  very  nearly  constant  for  eight  different  experiments. 

o Compt.  rend.,  90,  741  (1880). 
ft  Jour.  Chem.  See,  61,  249  (1887). 
cChem.  News,  94,  174  (1906). 
d  Proc.  Am.  Acad.,  28,  200  (1893) 
eAm.  Chem.  Jour.,  20,  200  (1898). 
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Absorption  of  nitrogen. 

The  absorption  of  nitrogen  by  soils  has  been  studied  mostly  in  con- 
nection with  the  absorption  of  atmospheric  gases.  From  the  work  of 
Reichardt  and  Blumtritt,  cited  above^  it  appears  that  in  general  nitro- 
gen is  absorbed  by  soils  in  greater  quantity  than  oxygen.  This  fact 
is  especially  worthy  of  note,  since  the  absorption  of  oxygen  and  nitro- 
gen from  air  by  water  gives  a  higher  ratio  of  oxygen  to  nitrogen  in 
the  solution  than  the  1 : 4  relation  which  exists  in  air.  The  explana- 
tion immediately  suggested  is  that  oxygen  is  converted  to  carbon 
dioxide  in  the  soil  by  action  of  the  decomposing  organic  matter.  But 
the  similar  high  absorptive  power  of  aluminum  hydroxide,  ferric  hy- 
droxide, and  magnesium  carbonate  for  nitrogen  indicates  that  this 
is  a  real  phenomenon,  since  these  substances  have  no  way  of  masking 
their  true  absorptive  power  for  oxygen  by  converting  it  chemically  to 
carbon  dioxide,  as  a  soil  does,  or  to  other  oxides.  Gypsum,  too,  pre- 
serves the  ratio  81: 19  of  nitrogen  to  oxygen  when  it  absorbs  these 
gases  from  the  air. 

AbBorption  of  carbon  dioxide. 

The  determination  of  the  actual  quantity  of  carbon  dioxide  taken 
up  by  a  soil  from  air  is  difficult,  since  the  absorbed  oxygen  acts  upon 
the  organic  matter  in  the  soil  to  yield  carbon  dioxide,  and  the  decay- 
ing organic  matter  itself  contains  carbon  and  oxygen  which  adds 
still  more  carbon  dioxide  to  the  soil  atmosphere.  The  absorption 
of  carbon  dioxide  from  an  atmosphere  containing  this  gas  alone  can 
be  estimated  by  the  reduction  of  vapor  pressure,  by  a  density  deter- 
mination of  the  gas,  or  by  determining  chemically  its  weight  in  a 
given  volume  of  the  gas  before  and  after  contact  with  the  soil. 

Reichardt  and  Blumtritt  determined  the  per  cent  by  voliune  of 
carbon  dioxide  absorbed  by  soils  and  soil  constituents.  They 
showed  that  it  is  probable  that  the  oxygen  of  the  absorbed  air  is 
converted  to  CO,  in  the  peat;  of  162  c.  c.  gas  absorbed  from  air, 
44  per  cent  appears  as  nitrogen,  5  per  cent  as  oxygen  and  51  per 
cent  as  carbon  dioxide.  A  similar  relation  is  seen  for  the  garden  soil, 
moistened  clay,  and  river  silt.  The  ignited  ferric  oxide  and  aluminum 
oxide  both  show  higher  absorption  of  oxygen  than  the  hydrated 
oxides,  and  lower  absorption  of  carbon  dioxide.  This  indicates  that 
the  absorption  of  carbon  dioxide  is  dependent  to  a  considerable 
extent  upon  the  presence  of  water  in  the  absorbing  material,  further 
evidence  being  afforded  by  the  higher  absorption  of  carbon  dioxide 
by  the  moist  clay. 

Scheermesser^  has  stated  that  the  amount  of  carbon  dioxide 
absorbed  by  a  dry  soil  is  proportional  to  the  amount  of  ferric  oxide 
present,  which  would  appear  to  be  a  generalization  based  on  too  few 

alnaug.-DisB.  Jena,  1871;  ref.  Chem.  Centr.,  1871,  462. 
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observations..    Von   Dobeneck"  gives  the  carbon  dioxide  absorbed 
by  soil  constituents  as  follows: 

Table  XII.-  -Absorption  of  carbon  dioxide  by  soil  constituents  according  to  von  Dobenech, 


Soil  cotiHtituentfi.  100  grams. 

COt  abao 

rlied  at— 
30°  C. 

Orams. 
0.023 

.261 
1.773 
5.054 

.034 

O^'C. 

Qra-ms. 
0.023 

.329 
2.501 
0. 975 

.028 

10°  C. 

Orams. 
0.021 

.298 
2.125 
&702 

.053 

30°  C. 

Quartz 

Orams. 
0.022 

Kaolin 

.215 

Humus  . 

1.479 

Fe  (OH)j. . 

4.274 

CaCOi 

*...........-.-.«.•.•••••.•.*••.•.•.•--.-*--•.•-•-• 

.Oltf 



Kayser*  attempted  to  express  in  absolute  units  the  dependence  of 
the  absorption  by  glass  fiber  upon  temperature  and  pressure.  His 
aim  was  to  measure  the  ([uantity  of  gas  condensed  by  a  known  sur- 
face under  definite  temperature  and  pressure  (and  therefore  with 
known  concentration  of  the  vapor  phase)  and  to  utilize  this  relation 
to  estimate  the  surface  of  fine  powders  from  the  quantity  of  gas  they 
absorb.  But  he  was  forced  to  abandon  this,  since  adsorption  is  not 
dependent  solely  upon  extent  of  surface,  temperature,  and  pressure. 
He  found  (1)  that  glass  fiber  dried  for  a  long  time  at  high  tempera- 
ture adsorbs  carbon  dioxide,  a  few  hours  being  required  for  saturation; 
(2)  the  adsorption  increases  with  the  pressure,  and  (3)  decreases  as 
the  temperature  increases. 

A  little  later  Bunsen,*'  using  similar  materials  (glass  fiber  and  car- 
bon dioxide),  obtained  results  at  variance  with  those  of  Kayser,  as 
follows:  (1)  (Mass  is  not  saturated  with  carbon  dioxide  in  days  or 
months,  but  only  after  several  years  have  elapsed.  Thus  1  sq.  cm. 
of  glass  adsorbed  of  carbcm  dioxide  at  the  end  of  the  first  year,  3.15 
c.  C.J  second  year,  1.10  c.  c.  more;  third  year,  0.88  c.  c.  more.  (2) 
Sudden  pressure  and  temperature  changes  never  produced  a  notice- 
able evaporation  of  adsorbed  carbon  dioxide.  (3)  Sudden  change 
of  pressure  within  one  atmosphere  showed  no  effect  upon  the  steady 
course  of  adsorption.  (4)  Within  a  temperature  interval  of  0.8°  to 
23°  C,  rise  in  temperature  favored  adsorption  and  conversely. 

Bunsen**  then  showed  that  the  difference  between  his  results  and 
those  of  Kayser  lay  in  the  method  used  to  dry  the  glass  fiber.  At 
ordinary  temperature  glass  may  retain  even  in  very  dry  air  (over 
PjOg)  a  layer  of  water  as  thick  at  10.55  X  10"®  mm.,  and  at  107°  C.  up 
to  7.03  X  10-®  mm. 

Thus  it  is  easy  to  understand  why  pressure  changes  within  one 
atmosphere  show  little  or  no  effect  u|)on  the  rate  of  formation  of 
these  thin  films  where  the  pressure  amounts  to  hundreds  of  atmos- 
pheres.    Likewise  the  solution  of  gases  in  these  thin  films  under  high 

«  Forsch.  Geb.  Agr.-Phys.,  15,  201  ( 1892). 

&  Ann.  Phys.  Chem.,  14,  450  (1881). 

c  Ann.  Phys.  Chem.,  20,  545  (1883);  22,  145  (1884). 

rf  Ann.  Phys.  Chem.,  24,  321  (1885). 
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pressiire  appears  reasonable,  as  well  as  the  long  period  of  time  neces- 
sary for  the  establishment  of  equilibrium. 

Mulfarth  **  has  investigated  the  adsorption  of  gases  by  glass  pow- 
ders, with  the  following  results:  (1)  Perfectly  dry  glass  powder 
adsorbs  a  considerable  mass  of  carbon  dioxide.  This  is  contrary  to 
the  experimental  results  of  Krause.*  (2)  Glass  powder  dried  at  420°  C. 
and  rendered  free  from  gas  shows  an  adsorption  of  carbon  dioxide  as 
great  as  glass  dried  at  500°.  (3)  The  adsorption  of  the  CO,  bj'-  com- 
pletely dried  glass  powder  is  normal;  that  is  to  say,  it  increases  with 
increasing  pressure  and  decreases  with  increasing  temperature.  (4) 
The  adsorption  of  carbon  dioxide  by  dried  glass  powder  is  completed 
in  a  short  time — from  one  to  two  hours.  (5)  The  presence  of  moisture 
renders  the  adsorption  of  CO,  slower;  nevertheless,  in  a  few  days  it 
proceeds  to  completion,  and  the  mass  adsorbed  is  not  greatly  different 
from  that  taken  up  by  dried  glass  powder  at  the  same  pressure  and 
temperature.  Consequently,  the  main  influence  of  dampness  ap- 
pears to  consist  in  rendering  the  process  of  adsorption  slower.  (6) 
The  quantity  of  carbon  dioxide  adsorl>ed  is  not  nearly  so  great  as 
Bunsen  found  in  his  research  using  glass  fiber.  (7)  The  adsorption 
of  sulphur  dioxide  by  dried  glass  powder  proceeds  exactly  like  that 
of  carbon  dioxide,  is  completed  in  two  hours,  increases  with  increasing 
pressure,  and  decreases  with  increasing  temperature.  (8)  At  zero 
degress  the  following  gases  are  adsorbed  by  glass  powder  and  in  the 
following  order:  Ammonia,  sulphur  dioxide,  carbon  dioxide,  nitrous 
oxide  (NjO),  acetylene,  in  descending  series.  The  gases,  sulphur 
dioxide  and  ammonia,  which  are  most  easily  condensed  to  liquid,  are 
the  most  strongly  adsorbed.  Nitrous  oxide  and  carbon  dioxide, 
which  stand  very  near  to  each  other  in  respect  to  the  ease  of  their  con- 
densation at  low  pressures,  are  almost  equally  well  adsorbed,  but 
carbon  dioxide  a  little  more  strongly.  (0)  Henry's  law  holds  fairly 
well  also  for  the  adsorption  of  gas  on  glass  powder. 

Absorption  of  ammonia. 

Ammon*^  found  that  ammonia  is  absorbed  by  soil  constituents 
as  follows:  Humus  at  20°  C.,  11.5  per  cent  of  its  dry  weight;  ferric 
hydroxide,  4.7;  quartz  powder,  0.295;  calcium  carbonate,  0.23;  kao- 
lin, 0.42.  When  pure  ammonia  gas  is  absorbed,  small  quantities  of 
nitric  acid  are  formed,  relatively  more  in  ferric  hydroxide  than  in  the 
other  soil  constituents.  The  absorption  of  ammonia  in  general 
decreases  with  increase  in  temperature,  but  near  zero.  Centigrade,  the 
maximum  quantity  of  gas  is  taken  up,  less  being  absorbed  at  lower  as 
well  as  at  higher  temperatures.  In  view  of  the  more  recent  work  by 
Dewar*'  and  others  on  the  absorption  of  gases  at  low  temperatures 
the  actual  existence  of  such  a  maximum  as  Ammon  found  is  open  to 
question. 

«  Ann.  Phys.  (4),  8,  328  (1900).  c  Forsch.  Agr.-Phys.,  2,  34  (1879). 

6  Ann.  Phys.  Chem.,  80,  923  (1889).  d  Chem.  News,  94,  174  (1906). 
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I:- 


LIQUID 


Von  Dobeneck  ^  has  confirmed  Amnion's  conclusion  that  the  absorp- 
tion of  ammonia  is  less  the  higher  the  temperature  when  working 
above  zero,  Centigrade.  Yon  Dobeneck's  quantitative  measurements 
on  the  absorption  of  ammonia  are  in  general  of  the  same  order  of 
magnitude  as  those  given  by  Ammon,  and  in  addition  von  Dobeneck 
has  shown  that  mixtures  of  soil  constituents  absorb  ammonia  and 
other  gases  additively,  each  material  exerting  its  absorption  effect 
independently  of  the  others.  He  showed,  too,  that  where  a  moist 
powder  absorbs  ammonia,  the  quantity  of  gas  retained  is  very  con- 
siderably in  excess  of  what  the  water  can  dissolve  when  separate  from 
the  powder.  Thus,  100  grams  water  dissolved  43.9  grams  of  am- 
monia, but  when  this  same  mass  of  water  was  held  by  854  grams  of 

kaolin,  56.5  grams  of  am- 
monia were  absorbed,  an 
increase  of  28.6  per  cent; 
with  472  grams  kaolin  and 
100  grams  water,  55.7 
grams  ammonia  were  ab- 
sorbed. Similarly  the  fol- 
lowing powdered  solids, 
each  wet  with  100  grams 
water  absorbed  ammonia: 
445  grams  calcium  carbon- 
ate, 54.6  grams ;  435  grams 
quartz,  53.1  grams;  329 
grams  kaolin,  54.0  grams;  200  grams  ferric  hydroxide,  47.2  grams; 
202  grams  humus,  78.5  grams;  186  grams  kaolin,  51.9  grams. 

Schlosing''  found  that  soils,  whether  acid  or  alkaline,  dry  or  wet, 
absorbed  ammonia  from  the  atmosphere  in  appieciable  amount.  Cal- 
cium carbonate  in  the  soil  increases  the  absorption  capacity  of  the 
soil  for  ammonia.  Absorption  is  in  a  high  degree  dependent  upon  a 
continual  renewal  of  air  at  the  surface  of  the  soil,  consequently,  it 
makes  a  difference  whether  the  surface  be  bare  or  covered  with  vege- 
tation, since  the  plants  tend  to  prevent  circulation  of  the  air  in  a  layer 
near  the  surface. 

PfeifTer*^  showed  that  equal- changes  in  pressure  produce  about 
equal  changes  in  the  quantity  of  gas  absorbed  by  different  sorts  of 
carbon.  He  found  that  the  absorption  of  ammonia  by  charcoal 
decreased  about  one-half  on  heating  from  0°  to  70°  C. 

Absorptioii  of  hydrogen. 

The  absorption  of  hydrogen  is  of  minor  importance  from  the  stand- 
point of  soil  chemistry.  Joulin**  showed  that  ignited  charcoal  absorbs 
hydrogen  so  rapidly  as  to  render  difficult  a  measurement  of  the  veloc- 

«  Forech.  Agr.-Phys.,  15,  201  (1892).  &  Compt.  rend.,  110,  429,  99  (1890). 

c  t)ber  die  Verdichtung  von  Gasen  durch  fest^  Kdrper;  Inaug.  Diss.  Erlangen  (1882). 
d  Compt.  rend.,  90,  741  (1880). 


Fig.  9.-  Curvns  showing  vapor  presgure  of  water,  and  of 
moist  soils  at  various  temperatures  for  case  I,  assumlnfc 
that  absorptioTi  incn^sos  with  rise  In  tomperature. 
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itj,  and  recently  Travers^  has  studied  the  absorption  of  hydrogen 
by  cocoanut  charcoal  at  different  temperatures.  The  numerous  in- 
vestigations on  the  absorption  of  hydrogen  by  metals  need  only  be 
mentioned  in  this  connection.^ 

S7FBCT  OF  TBMPEEATTTRS  TIPOH  ABSOEPTIOH. 
THBOBBTICAL  COH8ZDB&ATIONB. 

Assuming  for  the  particular  substance,  water,  that  the  quantity  of 
moisture  absorbed  by  a  soil  from  a  saturated  atmosphere  varies  with 
the  temperature,  there  are  two  possible  cases: 

(1)  The  amount  of  water  absorbed  increases  with  the  rise  in  tem- 
perature. For  this  case  the  vapor-pressure-temperature  curves  for 
the  soils  wiU  cut  the  vapor-pressure-temperature  curve  for  water,  as 
shown  in  figure  9;  this  has  apparently  been  realized  experimentally 
by  Hilgard.'^ 


Fig.  10.--CDrTes  showing  vapor  pressure  of  water,  and  of  moist  soils  at  various  temporaturos  for 
case  II,  assuming  that  al>sorption  decreases  with  rise  in  temperature. 

(2)  The  amount  of  water  absorbed  from  a  saturated  atmosphere 
decreases  with  rise  in  temperature.  This  case  is  illustrated  by 
figure  10.  Here  the  lower  limit  of  the  vapor-pressure  curves  for  soils 
is  the  vapor-pressure-temperature  curve  for  ice,  and  the  maximum 
quantity  of  water  absorbed  at  any  temperature  whatever  is  the  mass 
of  water  which  can  remain  adsorbed  by  the  soil,  in  equilibrium  with 

a  Proc.  Roy.  Soc.  London,  78,  Ser.  A,  9-22  (1906). 
*  See  Fischer,  Ann.  Phys.  (4),  20,  503  (1906). 
«  "  Soilfl,'?  pp.  196,  198  (1906). 
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the  complete  system — ice,  *  liquid  water,"  water  vapor,  which  exists 
at  the  triple  point  A.  The  dotted  curves  in  figure  10  show  the  vapor- 
pressure-temperature  curves  for  soils.  The  quantity  of  moisture  in 
the  soil  remains  constant  along  the  dotted  curve,  which  is  limited  in 
extent;  above,  it  meets  the  vapor-pressure  curve  of  liquid  water; 
below,  it  cuts  the  vapor-pressure  curve  for  ice.  Here  the  absorbed 
water  would  begin  to  freeze  at  a  lower  temperature  than  free  water; 
and  when  we  remember  the  enormous  stress  under  which  water  exists 
when  in  adsorbed  condition,  this  conclusion  is  not  surprising. 

EXPERIMENTAL  DATA  AND  DISCTTSSION. 

Four  series  of  preliminary  ex]>eriments  were  carried  out.  In  the  first 
three  series  10-gram  samples  of  dry  quartz  flour,  Podunk  fine  sandy 
loam,  and  Sea  Island  cotton  soU  were  brought  to  equilibrium  with  water 
vap>or  in  desiccators  at  various  temperatures  in  the  thermostat.     The 

general  trend  of  these 
results  serves  vefjjr 
well  to  show  that  the 
mass  of  water  vapor 
absorbed  decreases 
with  the  temperature. 
And  by  comparison  of 
this  series  for  Sea  Is- 
land cotton  with  a 
later  series  for  the 
same  soil  under  rigid 
conditions,  using  stop- 
pered weighing  bottles  to  avoid  loss  of  moisture  on  the  balance,  the 
exact  experimental  error  is  seen  at  each  point. 

The  results  for  quartz  flour  given  in  Table  XIII  and  plotted  in 
figure  11  show  a  decrease  of  91  per  cent  in  the  water  absorbed  for  an 
increase  of  74®  C. 

Table  XIII. — Decrease  of  absorption  wifh  temperature  rise  for  quartz  flour <^  in  open 

dish  over  vater. 
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Fio.  11.— Curve  nhowlng  decrease  in  absorption  of  water  vapor  by 
quartz  flour  with  rise  in  tem])eratnre. 


Temper- 
ature. 


23 


43 

62 
80 
97 


Water 

held  by 

soil. 


Per  cent. 
U.23 
.11 
.a5 
.03 
.02 


a  The  name  5(ample  waa  used  throughout. 
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Table  XIV. — Decrease  of  absorption  with  temperature  rise  for  Podunk  soil  in  open 

dish  over  water.    . 


''fJSSf^-'    iSd'by 
"'"•*  soil. 


ature. 


25 
43 
ft2 
80 


Per  cent. 
a  81 

.as 

.16 

.11 


Table  XV. — Decrease  of  absorption  with  temperature  rise  for  Sea  Island  cotton  soil  in 

open  dish  over  water. 


Temper- 
ature. 

Water 

held  by 

soil. 

'^(f.          Percent. 
25               &4 
62               4.84 
80               a84 

Table  XVI. — Decrease  of  absorption  with  ie^nperatxire  rise  for  Sea  Islavd  cotton  soil  in 

weighing  bottles  over  water. 


Temper- 
ature. 

Water 

held  by 

soil. 

25 
100 

Per  cent. 

9.7 

(5.5 

\5.4 

Podunk  fine  sandy  loam  confirms  the  general  trend  shown  by 
quartz,  as  seen  in  Table  XIV  and  figure  12.     The  soil  absorbs  over  50 
per  cent  less  water  vapor  at  43°  than  at  25°,  and  a  rise  in  tempera- 
ture of  only  55°,  from  25° 
to  80°,  reduces  the  moisture         '^^ 
content  at  equilibrium  by 
86  per  cent.    Sea  Island  soil 
in  open   dishes  over  water 
shows  in  Table  XV  a  de- 
crease in  absorption  of  42 
per  cent  for  a  rise  of  32°, 
and  of  54.2  per  cent  for  55°. 

A  fourth  series  for  Sea 
Island  cotton  soil  is  given 
in  Table  XVI.  The  quan- 
tity of  w^ater  absorbed  at  25°  over  water  in  a  desiccator  was  deter- 
mined, using  a  20-gram  sample  in  a  weighing  bottle  which  coidd 
be  closed  during  the  weighing  to  avoid  evaporation.     The  data  for 
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FiQ.  12.— Curve  showing  decrease  in  absorption  of  water 
vapor  by  Podunk  soil  with  rise  in  temperature. 
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this  point  are  taken  from  the  lower  half  of  Table  IV  and  were  obtained 
under  accurately  controlled  temperature  conditions;  the  equilibrium 
conditions  were  established  after  a  run  of  ninety-seven  days. 

The  absorption  at  100®  C.  was  found  by  inclosing  the  weighing 
bottle  with  its  20-grain  soil  sample  in  a  sealed  tube  over  water.     This 

tube  was  immersed  in  boiling  water,  as  shown 
in  figure  13,  where  T  is  the  sealed  tube ;  W,  the 
weighing  bottle ;  S,  a  copper  support  to  hold  the 
bottle  out  of  the  water;  G,  a  safety  guard  of 
gauze  surrounding  the  tube  T  and  also  serving 
as  a  support;  C,  a  cork  support  for  T  and  G ;  II, 
hooks  holding  the  gauze  Gto  the  corkC;  Bj,  a 
beaker  containing  boiling  water  nearly  to  the 
level  of  the  cork  C ;  B„  a  tall  beaker  inverted  over 
B^  and  serving  as  a  condenser. 

With  this  arrangement  water  need  be  added 
to  Bj  only  every  two  days.  On  account  of  the 
high  temperature,  absorption  proceeded  rapidly 
to  completion;  equilibrium  was  established 
within  a  week,  as  shown  by  the  values  given  in 
Table  XVI.  After  one  week  5.5  per  cent  of 
moisture  had  been  abscH'beil,  and  another 
week's  run  gave  practically  the  same  value^ 
5.4  per  cent ;  so  the  system  had  come  to  equili- 
brium. The  difliculty  met  with  in  the  other 
experiments,  Tables  XIII,  XIV,  and  XV,  did 
not  enter  here,  since  a  closed  weighing  bottle 
was  used. 

The  data  for  the  two  points  in  Table  XVI  are  shown  in  figure  14  as 
curve  l,and  for  comparison  the  data  from  Table  XV  are  given  on  the 
same  plot  and  to  the  same  scale,  with  temperature  as  ordinate  and 
percentage  moisture  in  the 
soil  as  abscissa.  It  is  evi 
dent  that  the  determina- 
tions made  in  open  dishes, 
curve  2,  show  less  moisture 
than  those  made  in  weigh- 
ing bottles,  curve  1.  At 
80°  C.  this  loss  of  absorbed 
moisture  from  an  open 
evaporating  dish  during 
weighing  amounts  to  nearly 
40  per  cent,  at  25°  C.  this 
loss  is  13  per  cent,  and  for  100°  C.  extrapolation  of  curve  2  indicates 
a  loss  of  some  48  per  cent  of  the  total.     The  curves  in  figs.  11^ 


Fig.  13.— Diagram  of  appa- 
HitUN  unpd  to  determine  al>- 
sorption  of  water  vai)or  by 
Hoil  at  the  boiling  point  of 
water. 
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Fio.  14.-Cur\'o  showing  decrease  of  absorption  of  water 
vapor  by  Sea  Island  cotton  soil  with  rise  of  temperature. 
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12,  and  14  show  the  same  general  trend,  and  together  with  the  most 
accurately  determined  points  in  Table  XVI  and  curve  1,  figure  14, 
show  a  decrease  of  absorption  as  temperature  rises  in  a  manner  not 
open  to  question.  All  of  these  curves  bend  upward  steeply  at 
higher  temperatures)  since  the  absorbed  moisture  is  held  more  firmly 
the  thinner  the  layer  in  which  it  is  spread  upon  the  soil  grains. 

Thus  it  is  proved  experimentally  that  absorption  of  water  vapor 
by  soils  decreases  very  greatly  with  rise  in  temperature.  A  departure 
from  equilibrium  conditions,  which  indeed  seldom  obtain  in  the  field, 
shows  even  greater  decrease  in  the  quantity  of  absorbed  water  as 
the  temperature  increases. 

ABSOSPTIOH  CAPAOITT. 

It  is  of  interest  to  see  how  the  absorption  data  are  related  to  the 
surface  presenteil  by  the  grains  of  the  different  soils  used.  For  this 
purpose  a  general  survey  of  the  quantity  of  vapors  absorbed  by  some 
of  the  soils  studied  in  the  foregoing  sections  is  given  in  Table  XVII. 

Unfortunately  the  area  of  a  soil  as  calculated  from  its  mechanical 
analysis  (Table  XVIII)  can  give  only  an  approximate  result,  prob- 
ably much  below  the  true  value.  Thus  in  Table  XVII  it  is  seen  that 
Galveston  clay  absorbs  three  times  the  mass  of  water  vapor  that 
Marshall  silt  loam  takes  up,  while  the  calculated  area  of  the  clay  is 
not  three  times  as  great  but  less  than  a  third  greater  than  the  silt 
loam.  The  results  obtained  with  toluene  were  in  general  similar  to 
those  obtained  with  water.  The  ether  vapor  behaves  differently, 
the  clay  taking  in  a  smaller  quantity  than  would  be  predicted  from 
the  water  and  toluene  results. 

Table  XIX  contains  the  calculated  thickness  of  the  layer  of  liquid 
absorbed  upon  the  grains  of  each  soil.  The  following  assumptions 
were  made  in  deriving  these  values:  (1)  That  the  film  of  absorbed 
vapor  is  imiform  in  thickness  over  all  the  soil  grains;  (2)  density  of 
water,  1;  density  of  toluene,  0.89;  density  of  ether,  0.73;  as  these 
densities  are  probably  lower  than  the  density  of  the  surface  film  the 
value  for  the  thickness  of  film  is  probably  too  high;  (3)  density  of 
individual  soil  grains,  2.5;  (4)  that  the  soil  grains  are  spheres;  this 
assumption  probably  gives  a  value  of  the  film  thickneslls  much  too 
high;  (5)  that  the  fractions  in  the  mechanical  analyses  are  clean 
separations.  In  the  last  two  fractions  the  diameters  of  the  grains 
vary  within  relatively  wide  limits.  The  area  of  the  soil  grains  is 
probably  several  times  greater  than  the  value  given  in  Table  XVII. 
For  example,  the  quantity  of  water  absorbed  by  Galveston  clay  is 
much  greater  than  would  be  expected  from  its  area  when  the  absorp- 
tion capacity  of  the  other  soils  and  their  areas  are  considered.  The 
clay  and  silt  in  the  Galveston  clay  greatly  increase  its  surface  beyond 
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that  calculable  from  a  mechanical  analysis.     It  was  on  this  account 
that  the  soil  separate  with  grains  varying  only  between  0.1  and  0.05 

mm.  in  diameter  was  used  in  this  series,  so  that  a  more  accurately 

*    .  .       . 

determined  surface  might  be  used  for  the  determination  of  its  absorp- 
tion capacity. 

Table  XYTI- -Area  of  soil  grains  as  related  to  absorption  capacity  for  vapors. 


Soli. 


Qalveston  clay 

M arshAll  silt  loam 

Hagerstown  loam 

QuartK  flour 

Soil  separate  (0.1-0.05) 
Norfolk  sand 


Water  absorbed. 


Area  per 
gram. 


Sq.  cm. 

Ptrct. 

3,280 

aoo 

2,320 

2.84 

2,270 

2.90 

1,260 

.35 

320 

.»>7 

300 

.29 

dif,*  i  Maximum. 


Per  cent. 

12.00 

4.00 

4.50 

.80 

1.00 

.45 


Ether  absorbed.   •  Toluene  absorbed. 
Maximum. 


Eight 
days. 


^f,t  I  Maximum. 


Perd. 
4.80 
2.8(i 
3.30 


Per  cent. 
6.00 
4.00 
4.50 


n 
45 


,77 
,62 


-  — 

Perd. 

4.79 

1.62 

1.85 

.29 

.41 

.17 

Per  cent. 

i.7 

.4 


Table  XVIII.--  Mechanical  analyses. 


Soil. 


Galveston  clay 

Hagerstown  loam . 
Marshall  silt  loam 

Suartz  flour 
orf  oik  sand 


Averagi 

2-1  ram. 

1-0.5 

0.5  0.25 

mm. 

mm. 

Per  cent. 

Per  cent. 

Per  cent. 

0.7 

1.5 

0.40 

.9 

3.0 

2.10 

1.3 

2.8 

1.70 

.0 

.0 

.05 

.2 

6.3 

22.20 

0.2&O.1 

0. 1-0.05 

mm. 

mm. 

Per  cent. 

Per  cent. 

.      7.0 

28.9 

6.5 

13.9 

4.3 

12.9 

.2 

8.0 

63.7 

4.1 

0.05-0.005 
mm. 

Per  cent. 
30.1 
54.3 
56.9 
8(1.2 
LO 


0.00&-0 
mm. 


Per  cent. 

31.00 

19.10 

19.50 

5.42 

1.80 


Table  X I X .  -  -  ( 'omparison  of  absorption  capacity  of  soils  for  vapors. 


Soil. 


Vapor. 


Soil  M^parato  (0.1-0.05).    8   days  al)- 
sorption. 

Gal  vpston  clay,  maxim  uin  absorption.. 

MarMhall  silt  loam 

Hagerstown  loam 

Norfolk  sand 

(.Quartz  flour 


Water 

Toluene — 
Ether 

fWat<?r 

Toluene 

Ether 

Water 

Toluene 

Ether 

f  Water 

Toluene 

Ether 

Water 

Toluene — , 
Ether 

/Water   ... 

j\  Toluene... 


Total 
a  nan  tit  Y 
aosorbed. 


Orams. 
0.6417 
.4049 
.770 
12.00 
6.00 
6.00 


00 
70 
00 
50 
85 
00 
45 
25 
62 
80 
40 


Quantity 
per  sq.  cm. 

xio». 


Orams. 
2.  GO 
1.2(> 
2.40 
3.6() 
1.83 
1.83 
1.72 


Thickness 
of  layer. 


Cm. 


1 


73 
72 
1.98 

.82 
1.68 
hSO 

.83 
2.»3 

.64 

.32 


X  W\ 
2.00 
1.42 
3.25 


66 

06 

51 

72 

.82 

2.35 

1.98 

.92 

2.31 

L60 

.94 

2.83 

.64 

.36 


Energj'  =  la- 
tent heat  X 
grams  at> 
sorbed. 


378.2 

33.8 

65.8 

7,080.0 

501.0 

518.0 

2,360.0 

240.0 

345  0 

2,655  0 

155.0 

345.0 

265.5 

20.9 

53  5 

471.0 

334.0 
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Table  XIX. — Comparison  of  absorption  capacity  of  soiUfor  vapors — Continued. 


Soil. 


Soil  separate  (0.1-0.05).    R  days  ab- 
sorption. 

Oalvpstonclay,  maximum  absorption 

Marshall  silt  loam 

Ilagerstown  loam 

Norfolk  sand 

Quarts  flour 


Water. . 
Toluene. 
Ether... 
Water. . 
Toluene. 
Ether... 
Water. . 
Toluene. 
Ether... 
Water- 
Toluene. 
Ether... 
Water. . 
Toluene. 
Ether... 
fWater. . 
Toluene. 


Vapor 
pressure. 

Mm. 

28.1 
33.5 

575lO 
28.1 
33.5 

575lO 
28.1 
33.5 

575.0 
28.1 
33.5 

675.0 
28.1 
33.5 

575.0 
28lI 
33.5 


Temper- 
ature. 


28 
28 
28 


Surlaee 
tension. 


Viscos- 
ity. 


Density. 


C.  O.  S. 
73 

28 
17 


a  G.  s. 

0.01 
.0056 
.0024 


r.  G.  s. 

1.00 
.89 
.73 


This  soil  separate  shows  a  film  2.0X10"^  cm.  thick,  as  against  a 
thickness  of  3.66  X  10"*  cm.  for  Galveston  clay  and  1.5  X  10"*^  for 
Norfolk  sand,  w^hile  HagerstowTi  loam  and  Marshall  silt  loam  give 
values  nearer  that  of  the  soil  separate.  Parks  *  gives  a  value  for 
the  thickness  of  a  water  film  absorbed  on  glass  wool,  1.34  X  10~*  cm., 
which  agrees  closely  with  these  results. 

In  general,  toluene  gives  a  thinner  film  than  water,  while  the  ether 
layer  is  thicker  than  that  of  water  for  all  soils  save  Galveston  clay. 

If  we  assume  the  average  diameter  of  a  clay  particle  as  0.0002  cm., 
and  consider  it  to  be  a  sphere,  its  volume  is  4.19  X  ID""  c.  c.  If 
the  water  film  be  uniform  in  thickness  over  the  surface  of  all  the 
grains,  2.00  X  10"*  cm.,  as  given  for  the  soil  separate,  then  the  total 
volume  of  this  clay  particle  w^ith  its  absorbed  water  w-ill  be  7.25  X 
10""  c.  c,  and  the  volume  of  water  alone  3.06  X  10""  c.  c,  or  73 
per  cent  of  the  volume  of  the  clay  particle  holding  it,  and  the  radius 
of  the  particle  is  only  ten  times  greater  than  the  thickness  of  the 
water  layer  surrounding  it.  There  is  very  little  doubt  that  this 
hygroscopic  water  is  in  part  held  in  the  fine  capillary  spaces  between 
the  soil  grains,^  but  we  have  no  sharp  experimental  method  of  ascer- 
taining what  fraction  of  the  water  is  thus  retained. 

A  comparison  of  the  quantities  of  water,  toluene,  and  ether  absorbed 
by  the  various  soils,  with  their  surface  tensions,  viscosities,  vapor 
pressures,  and  latent  heats  of  evaporation  does  not  give  a  clue  to 
the  different  absorption  capacities  found.  It  seems  that  each  vapor 
has  its  own  specific  action  which  finds  a  counterpart  in  the  selective 
absorption  exercised  by  the  soil.     For  any  one  vapor  the  absorption 

«  Loo.  cit. 

ft  Katao,  Uber  die  Waaserbewegung  in  Boden,  Bui.  Col.  Agr.,  Imp.  Univ.,  Tokyo, 
Vol.  3,  No.  1,  1897;  Soyaka,  Forech.  Agr.  Phys.  8,1  (1885);  Wliitney,  A^icultural 
Science,  Vol.  3,  p.  199,  1889;  Briggs,  Bui.  No.  10,  U.  S.  Dt^pt.  of  Agriculture,  Division 
of  Soils  (1897). 
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capacity  of  a  soil  is  roughly  proportional  to  the  soil  grain  surface  as 
calculated  from  the  mechanical  analysis. 

Finally,  we  see  from  the  above  considerations  that  for  any  one 
vapor  the  amount  of  absorption  is  proportional  to  the  calculated 
soil  area  exix)sed,  and  that  the  thickness  of  film  on  any  given  soil 
surface  varies  with  the  nature  of  the  vapor,  but  the  data  at  present 
available  are  not  sufficient  to  show  that  the  thickness  of  the  film  is 
dependent  upon  the  nature  of  the  soil  type. 

DISTEIBXTTIOH. 

Solids  in  general  do  not  completely  absorb  gases  or  vapors,  but 
rather  the  gas  is  divided  between  the  atmosphere  and  the  solid. 
The  greater  the  quantity  of  gas  or  vapor  in  the  atmosphere,  the 
more  of  it  is  held  fixed  by  the  solid,  until  the  solid  becomes  saturated 
and  can  retain  no  more  of  the  gas.  A  number  of  attempts  have 
been  made  to  express  this  relation  between  the  quantity  absorbed 
by  the  solid  and  the  concentration  of  gas  in  the  atmosphere,  as  a 
fairly  simple  mathematical  equation.  The  chemical  composition 
of  the  solid  and  that  of  the  gas  of  course  determine  in  great  measure 
the  degree  to  which  absorption  takes  place,  and  this  factor  is  expressed 
by  a  constant  which  is  different  for  each  solid  and  gas  studied.  The 
effect  of  temperature  upon  absorption  is  likewise  recognized  in  the 
formula  by  a  constant  whose  value  changes  with  the  temperature. 

De  Saussure"  has  suggested  the  formula  V=  19.1 -1-0.53  P,  where 
V  is  the  volume  of  gas  adsorbed  and  P  is  the  pressure  in  inches  of 
mercury.     This  relation  holds  for  carbon  dioxide. 

X  -\ 

Ostwald ^  applies   to  gaseous    adsorption  the  equation,      =aC  P' 

which  was  developed  for  adsorption  from  solution,  where  x  is  the  mass 
of  gas  adsorbed ;  m  the  mass  of  adsorbent  solid ;  C  the  concentration 

of  the  vapor  phase;   ^r  is  a  constant;  and     is  an  exponent.  Freund- 

V 
lich  holds  that  adsorption  from  solution  and  from  vapor  by  solids  f ol- 

1  1  1    • 

low  the  same  law,  and  Ostwald's  exponent,     eciuals  1  —  —  ,  where  -    is 

p  n  n 

the  exponent  in  the  ecjuation,*"  X^a(-jn^  proposed  by  himself. 

«  lioc.  cit. 

&  Lehrhudi  der  AllKemeine  Chemie,  II  (2  Aufl.)  232. 
_  1 


cX—af—)    n  in  Himply  an  empirical  relation,  and  is  not  derived  analytically  from 

the  other  ^nation,  A=-^lnr  ^    j  given  by  Freundlich.     X  and  a  are  constants;  a 
in  total  niatw  of  gan  in  tht*  ayatera,  and  v  is  the  volume  of  space  available  for  the  ga»s. 
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Thus  Freundlich  found  working  with  liquid  solutions,  values  for 
-,  which  range  from  0.86  to  0.485,  giving  to  -(  « l  —  -  j  values  from 

0.14  to  0.515.     But  the  -  given  by  Ostwald  on  the  basis  of  Chappuis,* 

Joulin,**  and  Kayser's  *"  results,  for  COj  adsorbed  by  various  kinds  of 
charcoal,  is  higher,  varying  from  0.50  to  0.75.     Further,  Chappuis's 


X 


curve  for  log  —  against  C  is  very  concave  for  carbon  dioxide,  whereas 


m 


X 


if  the  exponential  formula  —  =  or  Cp  applies,  this  curve  should  be  a 

straight  line.  So  this  formula  of  Ostwald's  holds  only  indifferently 
well  as  far  as  this  gas  is  concerned. 

Recently  Travers**  has  determined  the'distributioh  of  hydrogen 
and  of  carbon  dioxide  between  cocoanut  charcoal  and  the  vapor  at 
100°,  60°,  35°,  0°  and  -  78°,  and  for  hydrogen  at  -  1 90°  C.    He  suggests 

the  formula,  ^^  =  a  constant,  where  P  is   the  gas  pressure  and  x 

th^  concentration  of  the  gas,  in  the  solid  phase  for  each  temperature. 
The  value  of  n  increases  when  the  temperature  falls.  For  CO, 
at  0°,  n=3;  at  100°,  n=2;  at  higher  temperatures  n  would  prob- 
ably equal  1  and  then  the  distribution  law  would  hold  exactly — 
i.  e.,  become  linear — but  it  is  possible,  too,  that  n  might  fall  below 
1.  Hydrogen  at  —190°  behaves  exactly  like  CO^  at  0°;  that 
is,  n  =  3.  Travers  attributes  the  departure  of  the  distribution  law 
from  a  linear  form  at  low  temperatures  to  the  influence  of  diffusion 
into  the  solid  phase.  On  the  contrary,  Trouton '  has  assumed  the 
formation  of  a  liquid  phase  upon  the  surface  of  the  solid  to  explain 
his  curves  representing  the  absorption  of  water  vapor  by  cotton. 

It  is  seen  that  no  one  mathematical  expression  yet  proposed 
describes  the  present  data  for  the  adsorption  of  gases  by  solids.  The 
specific  attractions  of  solid  and  gas,  the  diffusion  of  gas  into  solid,  the 
condensation  of  gas  to  liquid,  and  the  consequent  clogging  of  capillar}^ 
channels  where  the  forms  and  arrangement  of  these  minute  spaces 
enter  to  determine  the  vapor  pressure  of  the  liquid  there  enmeshed, 
all  these  factors  complicate  the  observed  relation  of  mass  of  gas 
adsorbed  to  mass  of  gas  left  in  the  vapor  phase. 

a  Ann.  Phys.  Chem.,  12,  161  (1881). 
&  Ann.  Chim.  Phys.  (5),  22,  397  (1881). 
c  Ann.  Phy8.  Chem.,  12,  526  (1881). 
dProc.Roy.  Soc.  London,  78,  Ser.  A,  9  (1906). 
«Proc.  Rov.  Soc.  Ix)ndon,  77,  Ser.  A,  292  (1906). 
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BATE  OF  AB80KPTI0H. 

DETBRMININO  FACTOBS. 

The  rate  at  which  a  soUd  absorbs  a  vapor  depends  upon  several 
factors.     These  will  be  discussed  in  the  following  paragraphs. 

Chemical  composition. 

In  general,  the  chemical  composition  of  the  solid  affects  absorption 
to  the  extent  that  acid  bodies  tend  to  absorb  basic  vapors,  and  con- 
versely. The  magnitude  of  this  influence  varies  from  very  pro- 
nounced chemical  reacti<m,  such  as  the  fixation  of  gaseous  ammonia 
by  solid  acids  to  extremely  weak  acid  or  basic  effects. 

Fhyaical  condition. 

The  physical  condition  of  the  solid,  its  fineness  of  division,  det^er- 
mines  the  surface  available  for  the  purely  adsorption  effect,  wliich, 
with  other  conditions  the  same,  is  directly  proportioned  to  the  surface 
of  the  solid  in  contact  with  the  vapor.  As  the  solid  is  reduced  to  finer 
powder  the  number  of  solid  angles  between  the  granules  is  increased, 
as  well  as  the  surface  of  solid  exposed,  and  the  condensed  vapor, 
retained  in  these  solid  angles  is  added  to  that  held  by  simple  absorp- 
tion. 

Viflcoaity  of  the  vapor. 

In  the  case  of  vapor  entering  a  soil  at  rest  there  is  a  damping 
term  due  to  the  viscosity  of  the  vapor.  After  taking  account  of 
the  probable  diameter  of  the  capillary  spaces  through  which  the 
vapor  is  to  pass,  the  resistance  which  the  vapor  offers  to  being  forced 
into  the  soil  is  the  viscosity  of  the  vapor  multiplied  by  its  rate  of 
llow,"  and  this  rate  of  flow  is  the  rate  at  which  absorption  is  taking 
place.  The  diameters  of  the  capillary  spaces,  too,  become  less  as 
the  surface  of  each  grain  takes  on  moisture,  so  the  resistance  to 
the  passage  of  vapor  increases  as  the  absorption  proceeds.  Con- 
sequently we  should  expect  rate  curves  for  soils  to  show  a  decrease 
in  rate  of  absorption  with  time  greater  than  that  for  absorption  of 
vapor  upon  a  plane  surface,  but  this  factor  has  been  found  to  be  of 
only  minor  import. 

Absorption  capacity. 

The  absorption  capacity  of  the  solid  affects  the  rate  of  absorption 
to  a  marked  degree.  Where  the  absorption  capacity  is  high,  the 
speed  of  absorption  is  very  great. 

«  See  E.  Wollny,  Forech.  Agr.-PhvB.  16,  193  (1883);  Buckingham,  Bui.  No.  26, 
Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1904). 
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Partial  prewure,  or  humidity. 

The  rate  of  absorption  of  water  by  soils  varies  for  atmospheres 
of  different  humidity  in  a  manner  similar  to  the  change  in  rate  of 
evaporation  under  different  degrees  of  humidity,  as  can  be  seen 
from  the  curves  in  figure  15  for  Sea  Island  cotton  soil  plotted  from 
the  data  given  in  the  lower  half  of  Table  IV.  Ordinates  are  in  per- 
centage of  moisture  in  the  soil,  abscissas  are  in  time  in  days.  AH 
the  experiments  begin  at  4.4  per  cent  of  moisture,  the  quantity  re- 
tained by  Sea  Island  cotton  soil  in  air-dry  condition. 

Van  Bemmelen,*  Hellriegel,''  Puchner,*'  and  von  Dobeneck  '^  have 
determined  the  speed  with  which  a  soil  absorbs  water  vapor. 
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Fig.  15. 


-Curves  showing  rate  of  absorption  of  water  vapor  by  Sea  Island  cotton  soil  under  differont 

degrees  of  humidity. 


They,  too,  give  very  regular  rate  curves,  but  these,  as  well  as 
Parks/  rat-e  of  absorption  of  water  vapor  by  glass  wool,  are  like- 
wise not  described  by  a  simple  mathematical  formula.  Hantzsch^ 
has  shown  that  the  rate  of  absorption  of  ammonia  gas  by  solid 
organic  acids  in  finely  powdered  condition  depends  upon  the  partial 
pressure  of  the  ammonia  gas  in  the  atmosphere  above  the  solid  acid. 
Using  absolute  ammonia,  the  reaction  is  fairly  well  described  by  the 

first  order  reaction  velocity  equation,  K   '  =  "/  l«g(  ~:     \  and 

dilution  of  the  ammonia  with  air,  this  equation  still  holds  if  the 
total  volume  of  gas  employed  is  so  great  that  the  partial  pressure 
of  the  ammonia  is  practically  constant  throughout  the  absorption 
process. 

If,  however,  the  quantity  of  ammonia  present  in  the  gas  is  con- 
siderably reduced  by  the  absorption,  then  the  rate  of  absorption  is 


on 


a  Arch.  N^er.  (2),  10,  267  (1906). 
fc  Forech.  Agr.-Phys.  6,  389  (1883). 
c  Land.  Vers.-Stat.,  46,  229  (1895). 


d  Forech.  Agr.-Phys.,  16,  163  (1892). 
€  Phil.  Mag.  (6),  6,  518  (1903). 
/Zeit.  phys.  Chem.,  48,  289  (1904). 
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no  longer  expressed  by  this  first  order  reaction  velocity  equation,  but 

II       1        X 

is  more  nearly  given  by  the  second  order  equation,  K     '  =  -  . k' 

The  same  is  true  for  the  absorption  of  gaseous  hydrogen  chloride  by 
solid  organic  bases.  A  similar  effect  is  produced  in  the  rate  of  absorp- 
tion of  water  vapor  by  a  soil  as  the  atmospheric  humidity  varies. 

The  rates  of  absorption  of  water  vapor  by  humus  from  atmos- 
pheres saturated  at  different  temperatures,  as  determined  by  von 
Dobeneck  (Table  XX),  show,  too,  that  the  velocity  of  absorption  is 
greater  the  higher  the  relative  humidity. 

The  rate  curves  obtained  from  all  of  the  foregoing  tables  are  regular, 
but  are  not  described  by  a  simple  velocity  equation. 

Table  XX. — Rale  of  absorption  of  water  vapor  by  humus ^  according  to  von  Dobeneck. 


Quantity  of  water  absorbed  at— 

Period. 

-  — 

— 

— 

— 

«0°C. 

alO°C. 

o20°C. 
Per  cent. 

0  30*' C. 
Per  cent. 

h  lO*  C. 
Per  cent. 

620°  C. 

6  30°  C. 
Per  cent. 

Days. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

0.12 

1.40 

1.96 

3.59 

1.35 

1.61 

2.14 

2 

.50 

2.47 

3.22 

6.27 

2.22 

2.48 

2.29 

3 

.88 

3.61 

4.84 

8.13 

3.24 

2.99 

2.32 

4 

1.25 

4.57 

5.77 

10.03 

4.37 

3.47 

2.36 

5 

1.79 

5.44 

7.11 

11.17 

5.28 

3.63 

2.39 

6 

2.28 

6.19 

8.33 

12.30 

6.17 

3.77 

2.43 

7 

2.79 

7.01 

9.36 

13.61 

6.76 

3.92 

2.42 

8 

3.30 

8.11 

10.18 

14.20 

7.28 

4.01 

2.45 

9 

3.76 

8.76 

10.88 

14.65 

7.61 

4.06 

2.49 

10 

4.23 

9.34 

11.39 

15.34 

7.91 

4.13 

2.48 

12 

5.06 

5.95 

6.89 

7.60 

8.32 

9.09 

9.90 

10.61 

11.22 

11.83 

12.43 

12.96 

13.48 

13.99 

14.46 

14.89 

15.25 

15.59 

15.79 

15.90 

9.65 
10.37 
11.13 
12.02 
12.83 
13.62 
14.20 
14.70 
15.03 
15.38 
15.68 
15.95 

12.51 
13.32 
14.03 
14.64 
15.02 
15.28 
15.56 
15.86 
15.89 

15.98 

8.32 
8.49 
8.60 
8.63 

4.15 

14 

16 



18 

20 

22 

24 

26 

28 

90 

1 

32 



1 

34 

1 

• 

.% 

:« 

1 

40 

' 

1 

42 

44 

"V 

46 

1                               ! 

48 

1 



1 

50 

• 

a  Atmosphere  saturated  with  moisture  at  temperature  given. 
b  Atmosphere  saturated  with  moisture  at  0°. 

Previously  absorbed  vapor. 

As  will  be  seen  from  the  data  on  the  rate  of  absorption  of  vapors  by 
soils  in  Tables  II,  III,  IV,  V,  VI,  VIII,  IX,  X,  and  XI,  the  rate 
of  absorption  decreases  as  more  and  more  vapor  is  held  by  the  soil. 
This  effect  is  only  what  would  be  expected  when  we  remember  that 
the  last  portions  of  vapor  absorbed  and  condensed  to  liquid  form 
exist  to  a  considerable  extent  in  the  capillary  spaces  of  the  soil  as 
well  as  in  the  form  of  films  upon  the  surface  of  the  soil  grains. 
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Temperature. 

(a)  It  has  been  shown  by  the  investigations  cited  above  and  by  the 
new  experiments  given  in  the  section  on  the  effect  of  temperature 
upon  absorption,  that  in  saturated  atmospheres,  at  least,  an  increase 
in  temperature  decreases  the  mass  of  vapor  absorbed  by  a  solid.  (&) 
Increase  in  temperature  increases  the  mass  of  vapor  which  a  given 
volume  of  air  can  hold  at  any  one  pressure.  Theoretically,  then,  the 
first  temperature  effect  (a)  should  reduce  the  time  required  to  satu- 
rate the  absorbing  solid  with  vapor;  and  the  second  effect  (b)  should 
likewise  hasten  the  absorption  by  providing  a  higher  absolute  quan- 
tity of  vapor  in  the  atmosphere  for  the  solid  to  draw  upon.  This 
conclusion  is  borne  out  experimentally  by  the  results  obtained  with 
Sea  Island  cotton  soil;  at  100°  C.  only  one  week  was  required  for  this 
soil  to  absorb  all  the  vapor  it  could  take  up,  whereas  at  25°  C.  this 
same  soil  stood  ninety-seven  *days  over  water  before  it  ceased  to 
absorb  moisture.  Von  Dobeneck**  confirms  this  effect  of  temperature 
upon  rate  of  absorption  as  shown  in  Tables  VII  and  XX. 

Joulin*  foimd  that  the  time  required  to  saturate  charcoal  with 

carbon  dioxide  decreased  with  increasing  temperature  at  a  constant 

pressure. 

EATE  OP  EVAPORATIOH. 

In  a  former  bulletin  the  mechanism  of  evaporation  has  been  dis- 
cussed in  considerable  detail.*'  In  addition  to  the  data  on  the  evapo- 
ration of  moisture  from  soils  imder  various  degrees  of  humidity, 
which  have  been  given  in  Tables  II,  III,  and  IV,  above,  we  repeat  here 

in  Tables   XXI,  XXII,  

XXIII,  and  XXIV  the 
data  in  that  bulletin  on  the 
rate  of  evaporation'  from 
wet  soils  over  concentrated 
sulphuric  acid  at  25°  C. 
The  point  brought  out  by 
the  evapoiration  data  in  all 
of  these  tables  is  that  the 
rate  of  evaporation  from 
any  wet  soil  is  fairly  con- 
stant until  the  quantity  of 
moisture  still  remaining  in 
the  soil  is  approximately 
that  known  as  the  "  opti- 
mum water  content ' '  of  the  soil.  At  this  point  a  gradual  change  in  the 
rate  of  evaporation  takes  place,  as  shown  in  figures  16,  17, 18,  and  19, 
which  represent  graphically  the  rate  of  evaporation  indicated  in  Tables 
XXI,  XXII,  XXIII,  and  XXIV.     Referring  back  to  figures  1,  2, 

oLoc.  cit.  ftComp.  rend.,  00,  741  (1880)^ 

c Cameron  and  Gallagher,  Bui.  50,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1907. 
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Curve  showing  rate  of  evaporation  of  water  from 
Fodunk  soil.  '*" 
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Fig.  17.— Curve  showing  rate  of  evaporation  of  water  from 

Miami  soil. 


and  3  we  see  this  same  bend  in  the  rate  of  evaporation  curves, 
which  becomes  less  and  less  evident  as  the  humidity  of  the  atmos- 
phere of  the  soil  approaches  the  saturation  point,  going  from  the,  par- 
tial pressure  of  water  vapor 
of  94  per  cent  sulphuric 
acid  up  to  that  of  the 
vapor  pressure  of  water 
i^lone.  As  was  stated  in 
Bulletin  50,  the  moisture 
content  of  each  of  these 
soils  at  which  this  bend  in 
the  rate  of  evaporation 
takes  place  is  in  reaUty 
very  close  to  the  content 
of  water  in  the  soil  which 
gives  it  the  best  physical 
condition  for  plant  growth. 
The  reason  for  this  agree- 
ment between  the  point  at  which  the  rate  of  evaporation  changes 
and  the  point  known  as  the  ''optimum  water  content"  has  been  also 
pointed  out  in  Bulletin  50.  The  larger  open  spaces  between  the  soil 
grains  naturally  lose  their,  water  first,  and  the  later  portions  of 
water  jevaporate  more  and  more  from  the  finer  capillary  spaces  in 
the  soil.  When  the 
water  content  of  the 
soil  is  reduced  to  such 
a  degree  that  the  loosely 
held  water  in  these  more 
open  spaces  must  draw 
upon  the  water  held  as 
a  capillary  film  upon  the 
soil  grains,  then  very 
naturally  evaporation 
proceeds    more    slowly, 

since  the  films  are  held  by  the  soil  grains  quite  tenaciously.  At  this 
same  moisture  content,  too,  where  the  pull  of  the  capillary  films  of 
water  upon  the  soil  grains  is  brought  into  evidence,  we  would  nat- 
urally expect  that  the  very  fine  soil  particles  might  be  rearranged  into 
larger  aggregates  and  thus  furnish  a  more  open  structure  better  suited 
for  access  of  atmospheric  gases  and  for  the  penetration  of  roots. 

In  this  connection  it  is  interesting  to  note  that  Heinrich"  has 
shown  that  the  quantity  of  water  in  a  soil  required  for  plant  growth 
is  always  greater  than  the  quantity  of  water  the  soil  can  take  up 

oZweiter  Ber.  landw.  Vera.-Stat.  Rostock,  p.  19  (1894):  E.  S.  R.,  7,  481  (1895-96). 
See  also  Spalding,  Bot.  Gaz.  88,  122  (1904). 
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Fig.  18.— Curve  showing  rate  of  evaporation  of  water  from 

Leonardtown  soil. 
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from  a  saturated  atmosphere.  A  heavy  soil  containing  a  high  per- 
centage of  moisture  may  hold  the  water  so  absorbed  that  while  the 
plant  can  get  some  water,  still  it  is  by  no  means  fully  supplied. 
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Fig.  19.— Curre  showing  rate  of  evaporation  of  water  from  muck  soil. 


Table  XXI. — Rate  of  evaporation  from  Podunk  fine  sandy  loam  over  95  per  cent  9ul- 
*       phuric  acid  at  25^  C,  according  to  Cgmeron  and  Oallagher, 


Mean 
moisture 
content. 

Period. 
Hours. 

Loss  of 
moisture. 

Orams. 

» 

Loss  per 
•hour. 

Per  cent. 

Gramt. 

21.  A 

ia.5 

1.0450 

0.a^63 

24.2 

4.5 

.2362 

.0625 

21.3 

18.7 

.9210 

.0493 

17.8 

9.3 

.4505 

.0494 

14.8 

15.3 

.  74^) 

.0490 

12.0 

9.9 

.4854 

.0490 

8.7 

14.5 

.7140 

.0492 

5.8 

9.9 

.4712 

.04^6 

2.4 

4.0    . 

.1732 

.0433 

1.7 

2.0 

.0719 

.0359 

0.9 

11.0 

.2445 

.0222 

0.3 

2.0 

.0097 

.0040 

Table  XXII. — Rate  of  evaporation  from  Miami  black  loam  over  95  per  cent  mlphuric 

add  at  2S^  C. ,  according  to  Cameron  and  Gallagher. 


Mean 
moisture 
content. 

Period. 

Loss  of 
moisture 

Per  cent. 

Hours. 

Orams. 

5&5 

Id  70 

a  8108 

.55.4 

9.30 

.4474 

52.4 

1.117 

.7422 

49.4 

9.90 

.4802 

4tii4 

14.50 

.7155 

4a4 

9.90 

.4808 

41.0 

11.00 

.5427 

37.5 

11.00 

.5411 

35.4 

<1.50 

.3099 

32.6 

17.50 

.8295 

29.7 

7.00 

.3321 

2&9 

17.00 

.7964 

i           22.1 

24.00 

1.0679 

i           17.1 

24.00 

.9100 

12.9 

26.25 

.8108 

9.5 

22.25 

.5716 

&7 

24.50 

.4604 

5l1 

22.75 

.3056 

1          a7 

2175 

.2136 

:             2.7 

24.25 

.1470 

Loss  per 
hour. 


Orams. 

a  0491 

.0481 

.  U4oo  ' 

.0485 
.0493 
.0486 
.0492 
.0483 
.0477 
.0474 
.0474 
.0468 
.0453 
.0379 
.0309 
.0257 
.0192 
.0134 
.0090 
.0061 
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Table  XXIII. — Rate  of  evaporation  from  LMnardlown  loam  over  96  per  emt  ndpkurtte 

add  at  t^  C,  according  to  Cameron  and  Oallagher, 


Mean 
moisture 
content. 

Period. 

Loss  of 
moisture. 

Oramt. 

Loss  per 
hour. 

Percent. 

Hours. 

OravM. 

28.2 

19.00 

a9770 

a  0517 

240 

7.25 

.8655 

.0490 

2L6 

10.25 

.0538 

.0405 

IS  4 

22.00 

L0962 

.0408 

laz 

24  50 

L1963 

.0488 

5.6 

2Il75 

.0103 

.0404 

2.0 

3425 

.4600 

.0188 

.7 

2416 

.0004 

.G037 

Tablb  XXrV. — Rate  of  evaporation  from  mtMJfc  over  95  per  cent  eulphuric  aeidy  at  iff*  C. , 

according  to  Cameron  and  Gallagher. 


Mean 
moisture 
content. 

Period. 

Loss  of 
moisture. 

Loss  per 
hour. 

Percent, 

Horn, 

QraiM, 

Orame, 

190 

a50 

a6382 

a0660 

183 

tft.20 

.OflOO 

.0633 

174 

0.85 

.5005 

.0600 

168 

1450 

.8630 

.0606 

154 

laoo 

.5813 

.0681 

147 

laoo 

.7474 

.0676 

141 

&50 

.3744 

.os-^o 

135 

17.J50 

.0803 

.0666 

121 

17.00 

.1*601 

.0664 

110 

2400 

1.3233 

.0561 

05 

24  00 

1.2120 

.0606 

84 

2a  30 

1.2332 

.0460 

74 

22L10 

.0329 

.0423 

60 

24  30 

.0388 

.0387 

52 

23L0C 

.8352 

.0363 

44 

24  00 

.TWJ8 

.0331 

37 

24  00 

.7372 

.0307 

30 

2450 

.0851 

.0279 

'  SHEBOT  CHAVOBS. 

Poggendorff  attributes  the  first  experimental  work  on  capillarity 
to  Leonardo  da  Vinci,  1452-1519.  A  number  of  investigators** 
worked  in  the  field  before  it  was  discovered  that  capiUary  phe- 
nomena are  accompanied  by  heat  effects.  De  Saussure^  during 
1812  to  1814  foimd  that  heat  was  evolved  during  the  process  of 
absorption. 

Pouillet  ^  showed  the  rise  in  temperature  of  various  powders  and 
porous  substances  when  moistened  with  a  liquid.  Unfortunately, 
he,  as  well  as  several  investigators  following  him,  neglected  to  com- 
municate the  weight  of  powder  and  of  liquid  used  and  their  specific 
heats;  so  we  are  unable  to  calculate  the  quantity  of  heat  set  free. 
He  gives  merely  the  rise  in  temperature  produced  by  adding  liquid 
to  the  material,  using  w^ter,  oil,  alcohol,  and  ethyl  acetate  with 

o  Ann.  Phys.  (GUbert's),  47, 113  (1814).  . 

^  For  a  more  extended  survey  of  the  literature  see  Trans.  Am.  Electrochem.  Soc., 
11,  387  (1907). 

cAnn.  Chim.  Phys.,  20,  141  (1822);  Ann,  Phys.,  78,  356  (1823). 
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finely  divided  metals,  metallic  oxides,  powdered  glass,  clay,  and 
other  substances,  including  a  number  of  organic  solids.  Water 
added  to  inorganic  solids  gave  a  rise  of  0.2°  to  0.6°  C,  while  with 
dried  organic  material  the  temperature  rise  sometimes  reached  10^  C« 

Ammon«  cites  the  observations  of  Von  Babo^  on  the  rise  in 
temperature  experienced  by  dry  soils  when  subjected  to  ctn  atmos-* 
phere  saturated  with  water  vapor.  These  experiments  are  qualita- 
tive only,  but  they  show  the  ^existence  of  the  heat  effect  due  to  mois- 
tening a  powder;  that  it  is  positive,  and  that  the  temperature  rise 
is  greater  with  soils  containing  humus  than  without. 

Stellwagg  ^  foimd  a  marked  increase  in  the  temperature  on  mois- 
tening various  soils  and  soil  constituents  with  water  and  on  sub- 
jecting them  to  humid  atmospheres.  But  he  has  given  no  data 
enabling  us  to  calculate  the  number  of  calories  liberated  during  this 
adsorption;  consequently  his  data  have  only  qualitative  value.  He 
concludes:  (1)  That  the  rise  in  temperatm*e  which  the  soil  experi- 
ences upon  addition  of  water,  in  general  is  greater  the  drier  the  soil, 
the  finer  its  grains,  and  the  lower  the  prevailing  temperature.  (2) 
That  the  rise  of  soil  temperature  on  addition  of  water  to  a  per- 
fectly dry  soil  is  very  considerable  (8.33°  C.  for  a  calcareous  sand 
rich  in  humus,  6.6°  C.  for  ferric  hydroxide,  6.57°  C.  for  a  loam  soil). 

(3)  That  when  water  vapor  is  adsorbed  by  soil  constituents  a  tem- 
perature rise  is  observed  as  follows:  Quartz  sand,  0.00-0.25  mm: 
diameter,  0.88°;  quartz  powder,  1.08°;  precipitated  calcium  cair- 
bonate,  1.47°;  kaolin,  2.Q3'';  ferric  hydroxide,  9.30°;  peat,  12.26°  C. 

(4)  That  the  temperature  rise  due  to  adsorption  of  dry  carbon  diox- 
ide by  dry  soil  constituents  is  inconsiderable,  with  the  exception 
of  ferric  hydroxide,  in  which  case  the  rise  is  6.9°  C,  while  the  moist 
gas  is  adsorbed  with  a  niuch  greater  temperature  increase.  (5)  That 
dry  soil  constituents  adsorb  dry  ammonia  and  experience  a  con- 
siderable temperature  rise:  Quartz  powder,  0.80°.;  precipitated  cal- 
cium carbonate,  0.80°;  kaolin,  2.05°;  ferric  hydroxide,  18.06°; 
peat,  28.3°  C.  Moist  ammonia  shows  less  •temperature  rise;  for 
ferric  hydroxide  and  for  peat  it  is,  respectively,  14.1°  and  23.80°  C. 

This  heat  evolved  when  a  vapor  condenses  upon  a  solid  absorbent 
was  very  natiurally  attributed  to  the  latent  heat  of  vaporization 
which  became  available  on  liquefaction.  But  Favre''  found  the 
heat  liberated  by  absorption  to  be  greatly  in  excess  of  the  latent 
heat  of  vaporization,  for  three  different  gases;  consequently,  this 
assumption  had  to  be  abandoned.     More  recently  Dewar^  has  shown 

a  Forach.  Agr.-PhyB.,  2,  21  (1879). 

fr  MiUder,  Chemie  der  Ackerkrume,  Band  3,  p.  366. 

c Forach.  Agr.-Phys.,  6,  211  (1882). 

<f  Lehmann,  Molecular-Physik.  I,  p.  85. 

<Chein.  News,  94, 174  (1906);  Proc.  Roy.  Soc.,  74, 130  (1904). 
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that  hydrogen,  whose  latent  heat  of  vaporization  at  its  boiling 
point  is  120  gram  calories,  gives  off  six  times  that  quantity  of  heat 
when  absorbed  by  charcoal  at  the  boiling  point  of  air.  Similarly, 
oxygen  gas  when  absorbed  by  charcoal  liberates  twice  the  heat  due 
to  liquefaction. 

,  The  experiments  of  Parks  '*  indicate  that  the  quantity  of  water 
absorbed  by  a  powder  from  water  vapor  is  very  nearly  the  same  as 
the  quantity  of  water  held  on  the  surface  of  the  grains  when  the 
powder  is  immersed  in  liquid  water.  He  has  shown  that  a  silica 
powder  saturated  with  water  vapor  gives  off  no  measurable  heat 
when  brought  into  contact  with  liquid  water,  whereas  the  dry  silica 
liberates  a  definite  quantity  of  heat  per  square  centimeter  of  surface, 
and  this  heat  evolution  decreases  in  a  perfectly  regular  maimer  as 
the  silica  powder  contains  more  and  more  absorbed  water  vapor. 

Masson*  has  shown  that  the  heat  evolved  when  cotton  absorbs 
water  vapor  is  for  practical  purposes  directly  proportional  to  the 
quantity  of  moisture  absorbed  and  is  very  nearly  the  same  as  the 
latent  heat  of  vaporization.  He  finds  the  absorption  by  cotton  to 
be  much  greater  than  is  warranted  by  its  area  as  compared  with  sim- 
ilar experiments  using  glass  wool,  and  suggests  as  an  explanation 
that  the  water  absorbed  penetrates  into  the  cotton  fiber  as  a  solid 
solution.  The  thermal  effect  dealt  with  here  is  evidently  different 
from  that  studied  by  Parks.*" 

When  a  gas  is  absorbed  by  a  metal  many  interesting  physical 
changes  in  the  metal  may  be  effected.  It^  volume,  hardness,  elas- 
ticity, electrical  conductivity,  and  single  potential  and  rate  of  solu- 
tion in  various  solvent  liquids  are  changed.  The  absorption  of  a 
gas,  too^  may  depend  upon  its  condition;  that  is  to  say,  the  energy 
it  possesses.  For  example,  free  hydrogen  gas  is  very  slightly  ab- 
sorbed by  iron  and  some  other  metals,  but  hydrogen  freshly  liberated 
from  combination  either  by  electrolysis  or  by  action  of  metal  upon 
acid  is  very  strongly  absorbed  by  iron.  Palladium,  on  the  other 
hand,  absorbs  free  hydrogen  with  great  avidity. 

8TTMMAKT. 

In  the  absorption  of  water  vapor  by  quartz  flour,  a  soil  separate, 
and  typical  soils,  the  rate  of  approach  to  equilibrium  between  soil 
and  water  vapor  has  been  followed  at  various  degrees  of  humidity, 
and  these  equilibrium  points  determined. 

The  amount  of  water  absorbed  increases  with  the  humiditv,  but 
not  in  a  simple  inathematical  relation. 

a  Phil.  Mag.  (6),  6,  521  (1903). 

frProc.  Roy.  Soc.  London,  74,  249  (1904-5). 

cLoc.  cit. 
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Toluene  and  other  vapors  were  compared  with  water  vapor,  using 
the  same  soils,  and  show  in  general  an  absorption  of  the  same  order 
of  magnitude. 

The  velocity  of  absorption  decreases  regularly  as  absorption  pro-  . 
ceeds,  but  it  is  not  described  by  a  simple  logarithmic  equation. 

Relatively  small  decrease  in  vapor  pressure  produces  a  marked 
increase  in  the  rate  at  which  the  soil  dries  out.  At  the  moisture 
content  known  as  *' optimum"  for  plant  growth,  a  rapid  decrease  in 
the  rate  of  evaporation  takes  place,  and  at  this  particular  moisture 
content  there  are  likewise  changes  in  other  physical  characteristics 
of  the  soil,  such  as  specific  volume,  resistance  to  penetration,  etc., 
which  altogether  *point  strongly  to  a  purely  physical  reason  for  the 
existence  of  a  narrow  range  of  water  content  in  a  soil  at  which  plants 
thrive  best.  <* 

The  content  of  water  in  a  soil  at  which  plants  begin  to  wilt  is  greater 
than  the  quantity  of  water  the  soil  can  take  up  from  a  saturated 
atmosphere.  A  heavy  soil  containing  a  high  per  cent  of  moisture 
may  hold  the  water  so  absorbed  that  while  the  plant  can  get  some 
water  still  it  is  by  no  means  fully  supplied. 

The  absorptive  capacity  of  soil  for  water  vapor  is  generally  higher 
the  finer  the  texture  of  the  soil  and  the  greater  the  content  of  humus. 
In  general,  productive  soils  have  a  ^ery  considerable  capacity  for 
water  vapor. 

Gases  are  absorbed  to  a  different  degree  by  each  solid  substance; 
the  different  soil  components  all  possess  a  considerable  absorption 
capacity,  and  mixtures  of  these  constituents  absorb  gases  additively; 
that  is,  each  soil  material  exerts  its  absorptive  effect  independently 
of  the  rest  of  the  soil  about  it.  Soil  constituents  moistened  with 
water  absorb  gases  in  greater  quantity  than  would  the  same  mass 
of  water  alone.  Easily  condensed  gases  are  in  general  absorbed 
more  easily. 

Heat  is  evolved  during  the  process  of  absorption,  and  this  heat  is 
greatly  in  excess  of  that  given  out  by  the  condensation  of  the  vapor 
to  a  liquid. 

For  equilibria  between  soils  and  atmosphere  saturated  with  water 
vapor  over  a  temperature  range  from  25®  C.  to  100°  C,  the  amount  of 
water  absorbed  decreases  with  increasing  temperature.  This  con- 
firms the  results  obtained  by  earlier  investigators  for  the  absorption 
of  water  vapor  as  well  as  for  gases  in  general. 

Absorbed  gases  are  held  with  remarkable  tenacity.  Glass  and 
minerals  retain  hygroscopic  water  up  to  500°  to  800°  C. 

<s  See  Cameron  and  Gallagher.     Bui.  50,  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  1907. 
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Bodies  which  have  been  heated  and  then  cooled  in  a  vacuum  show 
high  absorptive  power;  consequently,  absorption  can  not  be  looked 
upon  solely  as  the  solution  of  a  gas  in  moisture  films  upon  the  grains 
of  the  solid. 

In  general,  nitrogen  is  absorbed  by  soils  in  greater  quantity  than 
oxygen.  This  is  especially  interesting,  since  the  absorption  of  oxygen 
and  nitrogen  from  air  by  water  gives  a  higher  ratio  of  oxygen  to 
nitrogen  in  the  solution  than  the  1 : 4  relation  which  exists  in  air. 
The  similar  high  absorptive  power  of  aluminum  hydroxide,  ferric 
hydroxide,  and  magnesium  carbonate  for  nitrogen  indicates  that 
this  preference  of  soils  for  nitrogen  is  a  real  phenomenon,  since  these 
substances  have  no  way  of  masking  their  true  absorptive  power  for 
oxygen  by  converting  it  chemically  to  carbon  dioxide,  as  a  soil  does, 
or  to  other  oxides. 

The  absorption  of  carbon  dioxide  by  soils  is  due  in  great  measure 
to  the  presence  of  hydrated  oxides,  such  as  ferric  oxide,  and  humus. 
Kaolin,  calcium  carbonate,  and  quartz  also  absorb  carbon  dioxide, 
but  in  comparatively  small  amounts. 

Soils,  whether  acid  or  alkaline,  dry  or  wet,  absorb  ammonia  from 
the  atmosphere  in  appreciable  amount. 

No  one  mathematical  expression  has  been  found,  to  hold  generally 
for  the  distribution  of  a  gas  between  the  vapor  phase  and  absorbing 
solid.  The  specific  attraction  of  solid  and  gas,  the  diffusion  of  gas 
into  solid,  the  condensation  of  gas  to  liquids  and  consequent  clogging 
of  capillary  channels  where  the  forms  and  arrangement  of  these 
minute  spaces  enter  to  determine  the  vapor  pressure  of  the  liquid 
there  enmeshed,  all  these  factors  complicate  the  observed  relation 
of  mass  of  gas  adsorbed  to  mass  of  gas  left  in  the  vapor  phase. 
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PREFACE. 


In  the  present  bulletin  Messrs.  Patten  and  Waggaman  have  brought 
together  the  literature  covering  absorption  of  dissolved  solids  from 
liquid  solutions,  together  with  results  of  some  important  experimental 
investigations  which  have  been  carried  on  in  this  laboratory  in  con- 
tinuance of  the  general  work  on  soil  absorption  which  has  been  under 
way  for  several  years.  The  importance  of  this  subject  for  practical 
soil  work,  for  fertilizer  manufacture,  and  for  various  technical 
processes  has  long  been  known,  but  it  is  only  within  the  past  few 
years  that  its  importance  has  become  generally  recognized. 

The  principal  object  of  this  work  has  been  to  determine  how  absorp-* 
tion  controls  the  concentration  of  the  soil  solution,  which  is  the 
great  nutrient  mediiun  upon  which  plants  feed,  and,  further,  to 
determine  the  effect  of  absorption  upon  the  structure  of  the  soUd 
portion  of  the  soil  in  modifying  its  power  to  hold  and  maintain  the 
soil  solution  for  the  continued  use  of  the  plant.  As  a  result  of  this 
work  it  has  been  shown  that  a  mmaber  of  modifying  factors  enter 
into  each  particular  case,  which  makes  it  impracticable  to  formulate 
a  simple  general  law  which  will  account  quantitatively  for  the  dis- 
tribution of  a  dissolved  substance  between  the  liquid  solution  and  the 
absorbing  mediimi,  although  it  is  brought  out  very  clearly  that  under 
the  ideal  conditions,  where  there  is  no  change  in  the  surface  of  the 
absorbing  mediimi,  a  simple  mathematical  law  can  be  predicated  a 
priori,  which  law  is  approximately  reaUzed  in  practice  in  those  cases 
where  it  is  known  that  the  least  amoimt  of  change  takes  place  in  the 
absorbing  surface.  The  nature  of  these  modifying  factors,  and  in  a 
general  way  the  extent  to  which  they  enter,  with  especial  reference  to 
soil  components,  has  been  the  subject  of  careful  investigation,  the 
results  of  which  are  here  recorded. 

In  general  it  may  be  said  that  our  knowledge  of  the  nature  and 
character  of  absorption  factors  and  their  influence  upon  the  concen- 
tration of  soil  solution,  and  upon  the  reactions  which  take  place  between 
soil  components  and  artificially  added  constituents,  has  been  mate- 
rially advanced,  and  that  the  further  investigation  of  this  important 
line  of  soil  studies  will  be  more  easily  and  more  rapidly  prosecuted 
on  the  basis  of  the  work  presented  in  this  bulletin. 

Frank  K.  Cameron. 
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ABSORPTION  BY  SOILS. 


INTBODirCTIOir. 

From  the  standpoint  of  soil  chemistry  the  absorption  of  material 
from  air  and  from  soil  solution  is  of  the  first  importance.  The 
absorptive  power  of  the  soil  enables  it  to  retain  the  soluble  salts  neces- 
sary to  plant  life  in  spite  of  the  leaching  effect  of  rains,  thus  storing 
up  soluble  material  from  the  weathering  and  dissolving  soil  grains 
for  future  needs  of  crops.  Also  it  prevents  the  soil  solution  from 
becoming  too  concentrated. 

Besides  this  holding  back  of  nutrient  soluble  salts,  the  absorptive 
power  of  a  soil  has  an  important  part  in  determining  its  physical 
condition.  There  is  a  relation  between  the  quantity  of  soluble  salts 
absorbed  by  the  soil  and  the  size  and  compactness  of  the  soil-grain 
aggregates;  and  upon  the  size  and  arrangement  of  these  soil  aggre- 
gates, in  turn,  the  optimum  water  content  of  the  soil  depends.  The 
openness  of  a  soil  determines  its  ventilation,  and  thus  likewise  its 
opportunity  for  securing  proper  oxidation  and  for  the  forming  of 
humus.  The  optimum  water  content  **  as  determined  by  plant 
growth  coincides  in  general  with  the  percentage  of  moisture  at  which 
the  soil  has  its  maximum  volume,  and  at  this  maximum  the  soil  also 
shows  its  greatest  openness  or  minimum  resistance  to  root  penetra- 
tion. Thus  a  purely  phj^sicochemical  reason  is  at  hand  for  the  exist- 
ence of  ati  optimum  water  content  in  soils,  and  we  are  now  able  to 
correlate  several  of  the  factors  which  determine  the  state  of  a  soil 
known  as  "good  physical  condition.''  Likewise,  through  its  absorp- 
tive power  the  soil  removes  from  soil  solution  and  soil  atmosphere  the 
waste  products  thrown  off  by  growing  roots,*  which  products  are 
detrimental  or  inhibitory  to  continued  growth. 

Appreciation  of  these  relations  has  come  about  gradually.  Sand 
filters  for  purification  of  sea  water  and  impure  drinking  water  have 
been  \ised  at  least  since  the  time  of  Aristotle;  the  removal  of  salts 
from  sea  water  by  percolation  through  sand  or  earth  filters  was  prac- 
ticed in  Bacon's  day.  Dr.  Steven  Hales  annoimced  to  the  Royal 
Society  in  1739  that  the  first  portion  of  sea  water  passed  through 
stone  cisterns  was  pure.  Berzelius  filtered  salt  solutions  through 
sand  and  foimd  that  the  salt  content  was  more  or  less  removed;  and 
Matteucie  determined  the  concentration  of  salt  in  the  solution  after 

o  Bui.  No.  50,  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  1907. 

6  Bui.  No.  28,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1905;  Fannera*  Bui.  No.  257,  U.  S. 

Dept.  Agr.,  1906;  Bui.  No.  40,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1907. 
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it  had  passed  through  successive  filters,  and  found  the  concentration 
to  be  successively  smaller.  The  clarification  of  barnyard  liquor  and 
other  colored  waters  by  percolation  through  fresh  clay  or  loam  was 
mentioned  by  Sir  Humphrey  Davy  in  1813,  by  Gazzeri  in  1819,  Lam- 
buschini  in  1830,  Browner  in  1836,  Huxtable  in  1848,  Bemays  in  1849, 
and  by  Thompson  and  Way**  in  1850.  It  is  especially  interesting  to 
note  that  as  early  as  1819  Gazzeri  considered  that  loam  and  clay  take 
up  in  their  pores  the  soluble  matters  in  solution  and  retain  them  to 
release  them  by  degrees  to  the  plants.  In  1830  Lambuschini  sug- 
gested the  name  incorpordtion  for  the  fixation  of  dimg  liquor  by  the 
soil,  and  in  1836  Browner  insisted  that  soils  held  back  even  the 
soluble  salts  in  dung  liquor. 

liebig  found  that  aqueous  ammonia  passed  through  clay  lost  its 
odor,  and  Thompson  and  Huxtable  verified  the  experiment.  In  1850 
Way  showed  that  soil  likewise  absorbed  potassium,  sodium,  calcium, 
and  magnesium,  not  only  from  solutions  of  their  hydrates,  but  of 
their  salts,  with  both  strong  and  weak  acids,  the  acid  remaining  in 
solution  unabsorbed  and  combined  with  other  bases  leached  from  the 
soil.  Phosphoric  acid,  however,  was  itself  absorbed.  Way  believed 
the  absorption  or  replacement  of  the  bases  to  be  total,  but  Voelcker 
showed  that  weak  solutions  of  ammonia  could  circulate  in  the  soil 
and  still  retain  some  of  their  ammonia  unabsorbed,  and  Peters^ 
demonstrated  that  however  weak  the  solution  used,  potassiimi  was 
never  completely  absorbed.  Frank*^  confirmed  Peters's  results,  using 
the  percolation  method.  Thus  there  was  introduced  the  conception 
of  distribvtUmy  the  partition  of  a  soluble  substance  between  solid  and 
liquid,  so  that  no  matter  how  small  a  quantity  of  substance  be  present 
there  is  a  fraction  of  it  left  in  solution.  And  the  application  of  this 
principle  has  led  to  a  much  better  imderstanding  of  the  retention  of 
soluble  material  by  soils. 

Before  proceeding  to  a  detailed  consideration  of  the  diflFerent  phe- 
nomena of  absorption  a  few  precise  definitions  are  in  order.  The  term 
absorption  is  used  in  general  to  designate  the  process  by  which  a  solid 
or  a  liquid  draws  unto  itself  and  retains  within  its  structure  or  on  its 
surface  another  solid,  liquid,  or  gas. 

The  simplest  case  of  absorption  is  that  of  mechanical  absorption,  or 
imfrifri^ion,  such  as  water  held  by  a  sponge,  by  porous  solids  like  brick 
or  charcoal,  by  powders,  including  soils,  and  by  bodies  which  draw 
liquid  or  vapor  into  their  most  intimate  recesses  and  swell,  as,  for 
example,  starch  with  water,  or  rubber  with  chloroform. 

A  second  kind  of  absorption  is  where  a  solid  retains  another  solid  so 
that  the  two  form  a  homogeneous  body  and  the  mixture  is  either  a 

oStorer,  Agriculture,  1897, 1,  pp.  201  and  316;  also  Jour.  Roy.  Agr.  Soc,  11, 313  and 
366  (1850). 
bLandw.  Vers.-Stat.,  2, 129  (1860). 
clbid.,  8,45(1866). 
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definite  chemical  compound  or  a  solid  solution.  The  criterion  of  a  solid 
solution  is  that  when  present  in  equilibrium  with  a  liquid  solution  con- 
taining the  same  components  a  variation  in  the  percentage  of  these 
components  in  the  Uquid  is  accompanied  by  a  corresponding  change 
in  the  composition  of  the  solid  phase.  Thus  free  phosphoric  acid  added 
to  a  soil  containing  ferric  hydroxide  is  absorbed  in  such  a  way  that  the 
more  PjOj  there  is  in  solution  the  more  Yfi^  is  found  in  the  solid 
ierric  hydroxide — that  is,  the  PjOg  forms  a  solid  solution  with  the 
ferric  hydroxide,  and  its  composition  changes  with  that  of  the  liquid 
solution  above  it.**  An  even  more  interesting  case  is  that  of  the  ab- 
sorption of  phosphoric  acid  by  lime.  Here  the  PjOj  forms  a  solid 
solution  with  the  CaO,  the  percentage  of  PjOg  in  the  solid  phase  increas- 
ing with  increase  of  PjOg  in  the  liquid  phase  until  a  certain  concentra- 
tion in  the  liquid  is  reached,  and  further  increase  of  ¥J0^  in  the  liquid 
causes  no  increase  of  P2O5  in  the  solid — that  is,  a  definite  compound  of 
CaO  and  PjOg  has  been  formed. 

A  special  case  of  absorption  has  been  termed  adsorption^  which 
may^je''3efiiied  as  the  existelgce^  of  a  difference^in  ^ncentraSbn,  or 
density  of  a  film  adjacent  to  a  boim^liiig  solid^and  the^concentration 
or  density  of  the  mass. of  the  liquid  or  gas  jwrhich  bathes  this  solid. 

Whether  this  adsorbed  film  is  in  a  liquid,  solid,  or  gaseous  state, 
or  even  loosely  combined  with  the  solid  boimding  medium,  is  not 
easily  determined  and  has  been  the  subject  of  much  discussion. 
The  change  of  state  from  solid  to  liquid  and  from  liquid  to  vapor  is  very 
gradual.  All  the  recent  physical  researches,  dealing  even  with  hard, 
polished  *' solid"  surfaces,  indicate  a  mobility  of  parts,  an  open- 
ness of  structure,  and  a  high  power  of  retaining  foreign  material. 
But  the  ability  of  one  body  to  hold  another  upon  its  surface  is  de- 
pendent upon  the  material  of  which  each  consists.  So  we  are  accus- 
tomed to  say  that  adsorption  depends  upon  the  chemical  consti- 
tution of  the  solid  as  well  as  of  the  substance  adsorbed.  Another 
way  of  stating  the  same  idea  is  to  attribute  adsorption  to  a  specific 
attraction  between  solid  and  adsorbed  material. 

This  preference  of  one  material  for  another  is  well  shown  by  the 
separation  of  substances  in  solution  from  each  other  by  simply  per- 
colating the  liquid  through  an  absorbent  body,  which  takes  one 
substance  from  solution,  while  the  other  passes  into  the  filtrate. 
This  process  has  been  called  selective  absorption  and  is  of  very  wide 
occurrence,  although  its  possibilities  as  an  analytical  and  technical 
method  of  separation  are  only  beginning  to  be  appreciated. 

Throughout  this  paper  the  terms  ** solvent,"  '* solute,"  and  '* ab- 
sorbent" are  used  with  the  following  meanings: 

Solvent:  A  pure  liquid  used  to  dissolve  some  solid,  liquid,  or  gas. 

Solute:  The  substance  dissolved  by  the  solvent. 

flSee  Bui.  No.  41,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  The  Action  of  Water  and 
Aqueous  Solutions  upon  Soil  Phosphates.     Frank  K.  Cameron  and  James  M.  Bell. 
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Absorbent:  The  solid  body  which  when  placed  in  a  solution  abstracts 
part  or  all  of  the  dissolved  material  from  the  solution. 

Further,  the  terms  ^*gel,"  '*sol/'  and  **colloid"  are  used  with  spe- 
cial meanings: 

Gd:  A  number  of  substances,  such  as  metallic  oxides,  are  precipi- 
tatcMLfi'om  solutions  of  their  soluble  salts  as  amorphous  solids.  These 
solids  frequently  contain  so  much  of  the  solvent  from  which  precipi- 
tation takes  place  that  they  have  a  jellylike  consistency,  and  conse- 
quently the  term  ''gel"  has  been  applied  to  them.  When  these  gels 
are  formed  in  an  aqueous  solution  and  the  liquid  held  in  combination 
with  them  is  water,  they  are  termed  ''hydrogels." 

Sol:  By  proper  treatment  it  is  possible  to  cause  these  gels  to  redis- 
tribute or  suspend  themselves  throughout  the  liquid  from  which  they 
were  originally  precipitated.  Such  a  resuspension  of  the  precipitate 
in  many  cases  has  been  found  to  consist  of  minute  particles  of  the  gel. 
Where  this  is  the  case  the  opalescent  liquid  thus  formed  is  termed  a 
*'sol."  Where  the  solvent  used  is  water,  such  a  suspension  is  termed 
a  hydrosoh 

A  coUoid  has  been  defined  as  a  material  which  when  dissolved  will 
not  pass  through  certain  membranes,  and  has  been  considered  to  be 
of  high  molecular  weight  and  consequent  complexity;  a  crystalline 
substance,  on  the  other  hand,  passes  through  these  membranes.  This 
distinction  between  colloid  and  crystalloid  is  not  maintained  so  rig- 
idly at  present,  for  some  crystalline  materials  show  a  very  slow  rate  of 
diffusion  through  the  membranes.  At  present  colloidal  solutions  are 
considered  to  be  made  up  of  minute  particles  in  suspension.  Conse- 
quently, if  the  absorption  of  materials  from  solution  by  finely  divided 
solids  is  studied  and  the  relation  between  this  absorption  and  the  for- 
mation of  these  particles  into  lai^er  aggregates  and  their  consequent 
settling  from  suspension,  it  is  foimd  that  the  general  phenomena  there 
observed  are  parallel  to  those  where  the  much  finer  particles  of  a  col- 
loidal solution  or  precipitated  colloid  are  under  consideration. 

The  referring  of  various  actions  otherwise  not  clear  to  the  presence 
of  ''colloidal  material"  does  not  now'aflFord  that  satisfaction  which 
it  gave  before  the  intimate  relation  between  colloidal  solutions  and 
suspensions  of  larger  particles  had  been  recognized. 

In  order  to  bring  out  clearly  the  general  application  of  the  phenom- 
ena of  absorption  and  the  general  principles  derived  therefrom,  a  num- 
ber of  solvents,  solutes,  and  absorbents,  in  addition  to  soils  and  con- 
stituents of  the  soil  solution,  have  been  studied.  The  establishment 
of  these  general  phenomena  in  the  case  of  pure  substances  where  no 
life  process  enters  strengthens  very  greatly  our  certainty  in  their 
validity  when  they  are  found  to  hold  good  for  such  very  complex 
materials  as  exist  in  soils  and  soil  solutions. 
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StiBTTICfi  07  EASLIEIl  WORK. 

Hoffman"  in  185S,  summing  up  the  question  of  removal  of  mdirient 
salts  from  a  aoil  by  rains,  says: 

It  in  very  probable  that  eacb  soil  poeaeaeea  a  peculiar  power  ol  retaining  rertain 
nutrient  material  for  plants.  But  this  power  appears  to  have  a  limit,  and  whatever 
material  over  and  above  tbie  limit  remains  in  solution,  follows  the  movement  of  this 
solution.  In  this  movement  of  water  itself  there  appears  to  be  a  means — at  least  for 
certain  soils  and  certain  relative  positions — of  returning  to  the  earth  a  part  of  the 
leacbed  soluble  salts.  When  the  rains  are  not  heavy  the  water  in  the  soil  does  not 
penetrate  very  deeply,  and  during  the  evaporation  consequent  upon  hot  weather  the 
water  from  below  is  again  drawn  up  to  the  surface  and  its  soluble  salts  are  returned  to 
the  fine  soil  grains. 

In  1866  Frank '  investigated  the  absorption  of  potassium  chloride 
by  soil.     He  used  cylinders  3  inches  in  diameter  and  3  to  6  feet 
long.    The  soil  was  carefully  removed  from  the  field  and 
placed   in  these  cylinders,  keeping  the  same  relative 
position  of  the  soil  layers.     Distilled  water  was  passed 
till  only  a  trace  of  chlorine  c&me  through,  as  shown  by 
a  slight  turbidity  when  silver  nitrate  was  added.     Then    • 
he  placed  4  htera  of  potassium  chloride  solution,  1  gram    ■ 
per  liter  (0.1  per  cent),  in  a  flask  and  inverted  it  above    * 
the  soil,  so  that  the  liquid  might  percolate  under  atmos-    * 
pheric  pressure  alone  as  the  soil  took  it  up,  as  illustrated    , 
in  figure  1.     He  found  that  the  salt  solution  drove  out    , 
the  water  which  remained  in  the  soil,  no  diffusing  of  one 
Uquid  into  the  other  being  noticed.     After  he  had  made 
sure  that  the  soil  contained  only  salt  solution,  by  analyz- 
ing the  liquid  which  drained  from  tap  No,  2, 12  inches  be- 
low the  surface  of  the  soil,  and  finding  that  the  same  per 
cent  of  chlorine  was  in  this  liquid  as  in  the  original  solution, 
he  analyzed  another  portion  of  this  same  percolate  and 
found  that  it  contained  only  9  per  cent  of  its  original 
potassium,  91  per  cent  being  retained  by  12inche8of  soil. 
Asimilartest  of  the  percolate  from  tap  3,  ISinches  below   ria.  i.— PercoU- 
the8urface,showed4.5  percent  of  potassium  leftand  95.5     ""i  '"^J^ 
per  cent  absorbed.     The  taps  lower  down  (4,  5,  6,  etc.,)     studJei  on  »b- 
showed  little  further  decrease  in  the  potassium  in  the     »''n>ti™. 
percolates,  and  even  after  the  solution  had  passed  through  6  feet  of  soil 
it  alwai^  retained  2  to  2.5  per  cent  of  its  original  potassium.     So  there 
appears  to  be  a  certain  dilution  of  the  solution — in  this  case  1  part  in 
40,000  to  50,000  parts— at  which  water  is  more  effective  in  holding 
the  dissolved  material  than  the  absorbing  power  of  the  soil. 

oJafaresb.  Agr.-Chem.,  1, 16  (18&8);  see  also  Liebig,  Ann,  Chem.  u.  Pharm.,  105, 
109  (1S68);  Gniuven,  Agron.  Zeitung,  IB5S,  p.  1;  also  Johresb.  Agr.-Chem.,  I,  14 
(1858);  Babos,  Undw.  Ber.  v.  B.  (1868),  p.  1. 

*  Undw.  VerB.-Stat.,  8, 46  (1888). 
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Potassium  is  still  more  quickly  absorbed  from  a  solution  of  potas- 
sium sulphate,  so  that  with  a  potassium  sulphate  solution  it  will  not 
penetrate  the  soil  so  deeply  as  with  a  potassium  chloride  solution. 

Frank  found  on  using  a  solution  of  1  gram  pure  potassium  chloride 
and  1  gram  sodium  chloride  to  100  parts  of  water  that  the  potassium 
content  of  the  percolate  through  18  inches  of  soil  still  contained  18 
per  cent  of  its  original  potassium,  as  against  5  per  cent  (average) 
when  no  sodium  chloride  was  present.  Likewise,  after  passing 
through  4  feet  of  soil  the  percolate  gave  5  per  cent  of  the  original 
potassium  content,  whereas  with  no  sodium  chloride  in  solution  the 
potassium  content  was  reduced  to  some  3  per  cent  of  that  in  the  solu- 
tion added.  Thus  the  presence  of  sodium  chloride  lowers  the  absorp- 
tion of  potassium  and  carries  it  deeper  into  the  soil.  In  addition,  a 
cylinder  of  earth  which  had  been  allowed  to  absorb  potassium  from 
a  pure  potassium  chloride  solution  was  percolated  with  distilled 
water  till  the  runnings  showed  no  potassium  in  solution.  Then 
a  solution  of  sodium  chloride*  was  passed  through  and  potassium 
immediately  appeared  in  the  percolates.  Frank  was  not  at  all  sure 
that  this  points  to  a  chemical  substitution  of  potassium  by  sodium. 

He  found  that  the  chlorine  was  absorbed  from  a  sodium  chloride 
solution  percolated  through  earth  and  that  most  of  the  chlorine  in 
the  percolates  was  combined  with  sodium.  It  appeared  to  him, 
accordingly,  that  sodium  chloride  is  not  so  easily  decomposed  by  the 
earth  as  potassium  chloride,  and  that  a  part  of  the  sodium  chloride 
is  absorbed  imchanged.  Long-continued  washing  with  pure  water 
removed  almost  all  the  sodium  chloride,  while,  as  already  stated, 
this  can  not  be  done  in  the  case  of  potassium. 

Next  he  tried  the  effect  of  sodium  chloride  upon  the  most  insoluble 
phosphates  in  the  soil.  The  upper  3  inches  of  soil  in  a  cylinder  filled 
with  earth  (as  above  described)  was  mixed  with  precipitated  well- 
washed  basic  calciiun  phosphate  and  the  cylinder  percolated  with 
distilled  water.  The  filtration  through  these  cylinders — 4  to  6  feet 
long — took  four  weeks.  At  12  inches  below  the  surface  only  traces 
of  phosphoric  acid  could  be  detected  in  the  percolate;  but,  on  the 
contrary,  when  sodium  chloride  solution  (1  gram  per  liter)  was  passed 
through  the  soil  phosphates  were  detected  as  far  down  in  the  cylinder 
as  4  feet  and  below. 

Salomon  **  gives  the  absorption  of  calcium  by  various  soils  and 
soil  constituents  from  several  concentrations  of  calcium  nitrate  solu- 
tion, to  which  was  added  sufficient  ammonia  to  neutralize  exactly 
the  nitric  acid  of  the  calcium  nitrate.  The  solution  was  placed  with 
the  soil  in  a  flask,  shaken,  and  allowed  to  stand  forty-eight  hours, 
filtered  and  analyzed  and  the  absorbed  calcium  determined  by 
difference.     The  results  are  given  in  Table  I. 

oLandw.  Vere.-Stat.,  9,  351  (1867). 
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Table  I. — Absorption  of  calcium  from  amoniacal  calcium  nitrate  solution  by  soils, 

according  to  Salomon. 


1 
2 
3 

4 

5 
6 
7 
8 
9 
0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 


SoU  from  MOckem 

do 

do 

do 

Russian  black  earth 

do 

do 

do 

White  "Knjawlscher" 

do 

do 

Black  "Kajawtocher" 

do 

do 

Kaolin  from  Salxmunde 

do 

do 

Tile  clay 

do 

....do : 

Ferric  hydroxide 

do 

Aluminum  hydroxide 

do 

....do 

Silicic  acid  (hydrated) 

do 

....do 

KaolIn+ aluminum  hydroxide,  equal  parts 

100  grams  kaolin+25  grams  ferric  hydroxide.. 

50  fframs  kaolin+  50  grams  feme  hydroxide 

Soli  from  Mdckem 

Russian  black  earth 


Used  in  ex- 

periment. 

CaOln 

200  cc. 

solution 

added. 

Soil. 

Solu- 
tion. 

Chrams. 

Cc 

Orams. 

100 

200 

0.1 

100 

200 

.2 

100 

200 

.4 

50 

100 

1.0 

100 

200 

.1 

100 

200 

.2 

50 

100 

.4 

50 

100 

1.0 

50 

100 

.2 

50 

100 

.4 

50 

100 

1.0 

25 

50 

.2 

25 

50 

.5 

25 

50 

1.0 

50 

100 

.2 

50 

100 

.5 

50 

100 

1.0 

50 

100 

.2 

50 

100 

.5 

50 

100 

1.0 

25 

60 

.2 

25 

50 

1.0 

50 

100 

.2 

25 

50 

.5 

25 

50 

1.0 

60 

100 

.2 

50 

100 

.5 

50 

100 

1.0 

50 

100 

.4 

125 

200 

1.0 

100 

200 

1.0 

50 

200 

1.0 

50 

200 

.5 

CaO  re- 
maining In 
200  cc.  of 
solution. 


CaO  ab- 
sorbed by 
100  grams 
soil. 


Gram. 
0.0788 
.1580 
.3096 
.8120 
.0648 
.1580 
.2344 
.5060 
.1292 
.2701 
.8586 
.1071 
.2862 
.6079 
.1743 
.4306 
.8619 
.1704 
.3500 
.7326 
.0490 
.0576 
.0000 
.0226 
.309 
.0659 
.1664 
.2388 
.0106 
.3480 
.0435 
.8772 
.2184 


Oram. 
0.0212 
.0420 
.0904 
.1880 
.0152 
.0420 
.1656 
.4040 
.0706 
.1299 
.1414 
.0929 
.2138 
.3021 
.0257 
.0694 
.1381 
.0296 
.1500 
.2674 
.  1510 
.9424 
.2000 
.4774 
.9091 
.1341 
.3335 
.7612 

.6520 

.9565 

a.  1228 

a.2816 


a  Effect  of  mass  of  earth  used. 

The  behavior  of  the  Russian  black  earth,  which  contains  9  to  15 
per  cent  of  humus,  compared  with  those  soils  poor  in  humus,  shows 
that  the  humus  in  the  Russian  black  earth  must  be  already  saturated 
with  bases.  Salomon's  predecessor,  PochwistneflF,  had  already  found 
by  direct  investigation  that  this  is  the  case  and  that  the  black  earth 
contains  calcium  himiate.  The  soil  from  Mockem  shows  a  lower 
absorption  than  the  black  earth  for  a  solution  containing  0.5  gram 
calcium  oxide  per  liter,  and  both  soils  show  the  same  degree  of  absorp- 
tion for  a  1-gram  calcium  oxide  per  liter  solution.  The  other  soils, 
as,  for  example,  the  white  ^'Kujawischer^'  soil,  which  contains 
hardly  a  trace  of  humus,  nevertheless  show  an  absorption  for  calcium 
nearly  equal  to  that  of  humus-rich  soils,  such  as  the  black  '^Kujawis- 
cher"  and  the  Russian  black  earth. 

The  similarity  between  the  Russian  black  earth  and  the  tile  clay — 
in  that  both  show  a  change  in  absorption  with  increasing  concen- 
tration— suggests  that  the  cause  can  not  be  in  the  humus  content 
of  the  black  earth.  Salomon  considers  that  such  a  calcium  solution 
as  was  used  would  probably  not  act  upon  humic  acid  which  had  been 
already  saturated  with  bases  and  would  probably  be  changed  only 


16  ABSORPTION   BY   SOILS. 

where  free  humic  acid,  or  humic  acid  dissolved  in  carbon  dioxide  and 
alkalies,  is  present. 

It  is  evident  that  all  the  solute  is  not  withdrawn  from  the  solu- 
tions even  at  low  concentrations;  apparently  the  aluminum  hydroxide 
absorbs  all  the  calcium  from  a  0.1  per  cent  solution,  but  this  exception 
to  the  general  rule  was  doubtless  due  to  the  presence  of  ammonium 
carbonate  in  the  alumina,  which  precipitated  the  calcium  as  car- 
bonate. The  aluminum  hydroxide  was  prepared  from  aluminum 
sulphate  by  ammonia  and  washed  with  ammonium  chloride. 

The  white  ^^Kujawischer^'  soil  (entirely  free  from  calcium)  absorbed 
almost  the  same  mass  of  calcium  from  a  0.2  per  cent  solution  as  from 
a  0.6  per  cent  solution.  This  means  that  the  absorption  capacity 
is  limited.  The  black  ^^Kujawischer''  soil  shows  a  similar  tendency 
toward  an  absorption  limit. 

Biedermann'*  prefaces  a  research  on  absorption  as  follows: 

Since  it  luus  been  made  clear  that  of  itself  the  chemical  analysis  of  a  soil  can  give  no 
indication  as  to  its  value  in  respect  to  cultivation  and  crop  yield,  one  is  forced  to  study 
the  properties  of  the  soil  in  other  ways,  and  thus  it  is  soon  discovered  that  the  absorp- 
tive power  of  the  soil  for  soluble  fertilizers — ^the  ability  to  fix  the  same  and  then  to 
give  them  up  to  the  plants — ^is  of  great  significance  for  practical  agriculture  as  well  as 
for  the  interesting  philosophical  question,  In  what  form  do  the  plants  obtain  their 
nourishment  from  the  soil? 

Biedermann  studied  the  absorption  of  potassium  and  of  phos- 
phates by  soils,  and  he  showed  the  magnitude  of  the  absorption 
effect  for  a  number  of  soils.  He  concludes  that  chalk,  magnesia, 
and  sulphuric  acid  do  not  affect  absorption  by  the  soil,  and  suggests 
that  by  use  of  a  suitable  solute  the  absorptive  power  of  a  soil  may 
be  determined — pwssibly  by  potassium  phosphate.  He  tried  potas- 
sium carbonate  solution,  percolating  it  through  different  soils  and 
titrating  the  liquid  passed  through  with  sulphuric  acid,  but  the  results 
were  unsatisfactory. 

The  quantities  of  potassium  absorbed  by  different  soils  vary  con- 
siderably, and  it  is  certain  that  the  magnitude  of  absorption  is  in 
accord  with  the  value  of  a  soil,  although  neither  the  quantity  of  bases 
extracted  from  the  soil  by  means  of  ammonium  tartrate-oxalate  solu- 
tion, nor  the  ferric  hydroxide  or  aluminum  hydroxide  content  of  the 
soil,  nor  the  quantity  of  humus  in  the  soil — as  shown  by  weight  loss 
on  ignition — ^give  a  certain  indication  of  the  soil's  productive  power. 

Treutler  *  in  a  series  of  researches  has  studied  the  absorption  and 
resolution  of  potassium  by  "soils  as  affected  by  other  fertilizer  agen- 
cies. In  all  his  work  he  used  cylinders  9.7  cm.  wide  and  90  cm.  long. 
Into  each  cylinder  was  shaken  4  pounds  of  earth  (containing  85.5  per 
cent  of  fine  earth),  and  then  0.5  pound  of  earth  was  rubbed  up  with 

oLandw.  Vers.-Stat.,  11, 1,  (1869). 

b  Landw.  Vers.-Stat.,  12,  184  (1869);  15,  371  (1872). 
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the  potassium  salt  and  with  the  fertilizer,  whose  effect  upon  the 
absorption  of  potassium  it  was  desired  to  study.  The  4.5  pounds  of 
earth  had  a  depth  of  29  em.  in  the  cylinder.  In  each  experiment 
the  earth  was  weighed  air  dry.  The  quantity  of  potassimn  salt  was 
so  chosen  that  exactly  1  gram  of  potassium  oxide  was  added  to  the 
4.5  pounds  of  earth.  For  comparison  blank  experiments  were  made, 
using  each  potassium  salt  alone  and  the  cylinder  then  percolated  with 
distilled  water  to  ascertain  the  per  cent  of  potassium  the  earth  would 
absorb.  The  4.5-pound  portion  of  soil  required  672  cm.  of  water 
to  saturate  it,  so  that  in  each  experiment  1,672  c.  c.  of  water  were 
passed  through  the  soil  in  order  to  obtain  a  liter  of  percolate.  This 
same  percolate  was  repassed  through  the  soil  12  times  in  order  to 
obtain  the  equilibrium  conditions.  Table  II  is  compiled  from 
Treutler's  results: 


Table  II. — Effect  of  varipus  fertilizers  upon  the  absorption  of  potassium  by  a  soU,  com- 

puedfrom  the  remits  of  Treutler. 

[Four  and  one-half  pounds  of  (uirth  29  ceutimeters  deep,  percolated  12  times  with  the  same  percolate, 

1,672  cubic  centimeters  in  volume,  to  insure  equilibrium.] 


Fertiliser  added  in  top  0.5  pound  of  soil. 


Potassinm  absorbed. 


Bone  dust,  600  grams 

Bone  dust,  60  grams 

Humus  soil,  260  grams 

Cow  manme,  80  grams 

Sheep  manure,  80  grams 

Horse  manure.  80  grams 

Cow  urine,  126  grams 

Chili  saltpeter,  20  grams 

Ammonium  carbonate,  20  grams 

Superphosphate,  20  grams 

Magnesium  sulphate,  5  grams. 

Qypsum,  20  grams 

Humus  soil,  2S0  grams +(N Hi) x(C0^)y,  20  grams 

Water  containing  carbon  dioxide,  1  liter 

Potassium  magnesium  sulphate,  3.698  grams 

Sodium  chloride,  10  grams 

Distilled  water  alone  passed  through  soil 


1.840  grams 
K^0< 
added. 


Per  cent. 
4&3 
8L6 
83.4 
89.7 
98.2 
93.0 
96.3 
86.8 
8&7 
80.6 
9a2 
9a4 
91.8 
98.7 
93.9 
96.4 
ft97.9 


2.1461  Tams 
KNO« 

1.583  grams 
KCl 

added. 

added. 

Percent. 

Percent. 

54.43 

5&0 

05.09 

79.8 

95l12 

80.7 

92.21 

82.2 

89.74 

90.5 

93.62 

91.3 

90.68 

9L5 

86.83 
89.61 

85.0 

87.90 

86.1. 

83.52 
90.01 

88.6 

82.25 

88.7 

94  96 

92.9 

84.29 
90.90 

'05.'4 

fl91.75 

694.7  : 

1 

1.467  cprams 
KgCOi 
added. 


Per  cent. 
51,62 
98.00 
98.13 
97.00 
90.31 
85.63 
94.99 
83.75 
88.37 
91.98 
96.76 
98.05 
94.65 
95.62 
89.07 
o  100. 00 
0  97.60 


a  Landw.  Vers.-Stat.,  16, 372  (1872). 


ft  Landw.  Vers.-Stat..  12, 191  (1869) 


Treutler  f oimd  that  the  greatest  quantity  of  potassium  was  absorbed 
from  the  sulphate^  the  carbonate,  chloride,  and  nitrate  following  in 
the  order  named,  and  he  concluded,  therefore,  that  a  deeper  pene- 
tration of  potassium  into  the  soil  was  secured  by  the  use  of  potassium 
chloride  than  by  the  use  of  potassium  sulphate  as  a  fertilizer.  He 
found,  further,  that  the  relative  absorption  from  these  two  salts  was 
not  materially  affected  by  the  addition  of  other  salts  and  of  the 
comjnon  fertilizers.  The  absorption  of  the  potassium  from  the  car- 
bonate and  nitrate  is  more  affected  by  other  agencies  than  is  the 
absorption  from  the  sulphate  or  from  the  chloride,  the  absorption 
from  the  carbonat^e  being  affected  to  the  greatest  extent. 

35673— Bull.  52—08 2 
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In  general,  the  addition  of  other  mineral  salts  depressed  the 
absorption  of  potassium,  a  marked  influence  being  noticed  in  the 
case  of  sodium  chloride,  which  further  brought  into  solution  in  the 
soil  percolate  noticeable  quantities  of  magnesium  salt;  and  for  this 
reason  Treutler  concludes  that  sodium  chloride  is  harmful  rather 
than  beneficial  as  a  fertilizer. 

Bone  dust  and  superphosphate  depress  the  absorption  of  potas- 
sium; and  Treutler  considers  them  especially  useful  on  this  accoimt, 
as  they  tend  to  increase  the  concentration  of  potassium  salts  as  well 
as  of  phosphoric  acid  and  ammonia  in  the  soil  solutions.  Gypsum 
and  magnesium  sulphate  were  found  to  increase  the  concentration 
of  potassium  in  the  percolate.  Humus,  and  especially  humus  mixed 
with  ammonium  carbonate,  appeared  to  decrease  the  absorption, 
which  effect  is  attributed  to  the  formation  of  large  quantities  of  car- 
bon dioxide  from  the  humus. 

Knop*  includes  under  absorption  the  process  of  conversion  of  a 
solid  first  to  soluble  form  and  then  the  spreading  of  the  substance 
upon  the  soil  grains  in  such  a  way  as  to  withdraw  it  from  solution, 
regardle^ss  of  whether  chemical  affinity  or  surface  attraction  is  the 
cause  of  this  retention  or  whether  the  substance  absorbed  is  decom- 
posed chemically  or  absorbed  unchanged.  He  used  a  solution  of  1 
gram  ammonium  chloride  in  208  c.  c.  of  water  to  determine  the  absorp- 
tive power  of  a  soil.  One  hundred  grams  of  earth  were  taken  for 
analysis.  The  nitrogen  corresponding  to  the  ammonia  still  left  in 
solution  was  determined  and  the  number  of  cubic  centimeters  of 
nitrogen  absorbed  by  the  soil  taken  as  the  measure  of  the  absorptive 
power  of  the  soil.  Using  this  method,  he  found  the  absorption  of 
ammonia  by  38  soils  which  had  been  analyzed  chemically. 

In  a  few  cases  he  compared  the  absorption  of  potassium  with 
that  of  ammonia.  For  this  purpyose  he  employed  an  analytical  pro- 
cedure which  has  since  been  followed  by  a  number  of  investigators. 
These  two  analytical  methods  for  ammonia  and  for  potassium  are 
given  in  detail  here,  since  a  number  of  investigators  have  used  them 
to  express  their  data  on  the  absorption  by  soils  in  terms  of  Knop's 
absorption  figure,  i.  e.,  the  cubic  centimeters  of  nitrogen  (as  ammonia) 
absorbed  by  100  grams  of  soil,  from  200  c.  c.  of  the  ammonium  chloride 
solution  described  above.  A  potassium  carbonate  solution  was  taken 
of  such  concentration  that  100  c.  c.  contained  exactly  the  weight  of 
potassium  equivalent  to  100  c.  c.  of  nitrogen  gas.  Fifty  cubic  cen- 
timeters of  this  solution  plus  50  c.  c.  of  the  above  ammonium  chloride 
solution  when  evaporated  to  dryness  gave  all  the  potassium  as  chloride, 

oKnop'fl  book,  Die  Bonitirung  der  Ackererde,  published  by  H.  Ilaessel,  Leipzig, 
1872,  2d  edition,  is  not  generally  available.  We  are  indebted  to  the  Massachusetts 
State  Experiment  Station,  Amherst,  for  the  use  of  their  copy. 
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the  ammonia  and  carbon  dioxide  going  off  upon  ignition.  But  when 
one  adds  100  c.  c.  of  the  ammonium  chloride  solution  to  50  c.  c.  of 
this  potassium  carbonate  solution  and  evaporates  to  dryness  there 
remains  sufficient  ammonium  chloride  to  give  by  the  nitrometer 
method  50  c.  c.  of  nitrogen.  This  fact  was  made  the  basis  for  a  quan- 
titative estimation  of  the  potassium  by  adding  ammonium  chloride 
to  the  potassium  carbonate  solution,  evaporating,  and  then  deter- 
mining the  nitrogen  in  the  residue. 

Knop  believed  that  the  absorptive  power  of  a  soil  was  propor- 
tional to  the  **Aufgeschlossene  Silicatbasen,"  i.  e.,  such  substances  as 
ferric  oxide,  alumina,  etc.  His  data,  on  the  whole,  seems  to  bear  out 
this  conclusion.  But  later  investigators®  have  shown  that  this  is  by 
no  means  the  sole  factor  to  be  considered;  and,  indeed,  Knop  him- 
self admitted  this.  He  found  the  absorption  for  one  and  the  same 
soil  a  constant,  but  seems  to  have  no  clear  idea  of  the  effect  of  end 
concentration  of  solution  upon  the  quantity  of  solute  absorbed. 
While  he  recognizes  that  substances  in  a  soil  capable  of  forming  well- 
defined  chemical  compounds  will  of  course  absorb  from  a  solution  the 
material  with  which  they  can  combine,  he  still  observes  phenomena 
in  the  absorption  of  potassium  and  of  ammonia  which  he  can  not 
explain  in  the  ordinary  chemical  way.  He  thinks  the  absorption  of 
phosphoric  acid  may  be  explained  as  due  to  chemical  combination, 
and  if  it  were  merely  a  question  of  the  absorption  of  caustic  potash 
or  of  ammonium  hydroxide  he  would  class  these  also  as  reacting 
chemically  with  the  soil.  But  he  finds  that  the  selective  absorption — 
the  separation  of  these  bases  from  the  strongest  acids  by  soil — and 
the  effects  upon  absorption  produced  by  varying  quantities  of  soil,  of 
solvent,  and  of  solute  all  complicate  the  problem  so  much  that  he 
can  not  give  a  simple  chemical  explanation  of  it.  He  shows,  too,  that 
the  power  of  a  soil  to  absorb  moisture  from  the  air  parallels  in  gen- 
eral its  absorption  of  ammonia  from  ammonium  chloride  solution. 

Frey  ^  continued  the  work  of  Knop  and  confirmed  his  results. 

Pillitz  *^  showed  that  soils  possess  a  saturation  point  for  ammonia 
absorbed  from  ammonium  chloride  solution,  and  Fesca**  recognized 
the  influence  of  extent  of  soil  grain  surface  in  determining  the  absorp- 
tion capacity.  In  1887  Kellner*  confirmed  Pillitz's  experiments  and 
from  new  work  concludes  that  ammonia  and  potassium  are  absorbed 
in    chemically    equivalent    quantities    by    soils.     Kellner    extracts 

o  See  Sachfise,  Lehrbucli  der  Agrikulturchemie,  p.  169.  "Mehr  als  eine  gans  grobe 
Aimahening  an  ein  Verhaltniss  zwischen  aufgeschlossenen  Silikatbasen  und  Absorp- 
tion lasBt  flich  nicht  erwarten." 

ftLandw.  Yers.-Stat.,  18,  3  (1875). 

cZeit.  anal.  Chem.,  14,  55,  285  (1875). 

d  Die  agronomische  Bodenimtersuchung  und  Kartirung,  1879,  p.  28, 

«  Landw.  Vere.-Stat.,  88, 359  (1887), 
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absorbed  potassium  from  a  soil  thus:  The  soil  (20  grams)  is  heated 
with  60  c.  c.  saturated  ammonium  chloride  solution  for  a  half  hour, 
the  solution  poured  off,  the  soil  washed  with  hot  distilled  water,  and 
fresh  ammonium  chloride  solution  added  to  the  soil.  This  extraction 
is  repeated  (fifteen  to  twenty  times)  imtil  the  filtered  solution  leaves 
no  solid  residue  upon  evaporation  and  ignition.  In  this  manner  he 
recovers  slightly  more  potassium  than  the  soil  had  taken  up  from  a 
known  potassium  chloride  solution.  This  recovery  is  especially 
interesting  since  Way*  and  Eichom,  Dietrich,*  Peters, *"  and  Schuh- 
macher  ^  were  all  unable  to  substitute  completely  one  absorbed  base 
by  another.  This  method  of  substitution  used  by  Kellner  is  essen- 
tially a  percolation,  and  recognizes  in  a  practical  way  the  distribu- 
tion of  potassium  between  soil  and  solution.  He  also  suggests  that 
absorbed  potassium  may  be  more  firmly  fixed  in  an  insoluble  form, 
as,  for  instance,  by  internal  arrangement  of  the  double  silicates  con- 
taining water.*  He  further  concludes  that  for  potassium  and  calcium 
it  may  be  considered  as  settled  that  these  elements  can  afford  nourish- 
ment to  plants  only  when  in  dissolved  or  in  absorbed  condition. 

Fiedler^  has  investigated  the  effect  of  sodium  nitrate  upon  the 
absorption  of  phosphoric  acid  and  potassium  by  soils.  He  concludes 
that  the  sodium  nitrate  prevents  the  percolating  soil  moisture  from 
carrying  phosphoric  acid  down  with  it  to  lower  levels.  On  the  other 
hand,  potassium  is  less  absorbed  in  the  presence  of  the  sodiimi  nitrate 
and  is  carried  deeper  into  the  earth.  When  calciimi  is  present  in 
the  soil  in  goodly  quantity,  this  effect  of  sodimn  nitrate  upon  the 
potassium  is  not  observed,  while  the  sodium  nitrate  still  is  able  to 
act  upon  the  phosphate  to  prevent  its  removal  by  leaching.  Fiedler 
suggests  that  as  the  quantity  of  sodium  nitrate  is  increased  more 
calcium  nitrate  is  formed,  and  that  this  precipitates  the  phosphoric 
acid  of  the  soluble  phosphates  as  insoluble  calcium  phosphate. 

Van  Benunelen,^  in  1888,  sums  up  the  results  of  an  extencfed 
research  upon  the  absorption  of  soluble  material  from  solution  by 
soils  and  soil  constituents  as  follows: 

Absorption  compounds  are  formed  from  their  components  according  to  inconstant 
molecular  ratios.  They  must  be  distinguished  from  chemical  compounds,  although 
they  may  often  be  rearranged  into  definite  chemical  individuals.  Colloidal  substances 
form  such  absorption  compounds  with  water  or  other  liquids,  and  with  bases,  acids, 
and  salts  when  in  contact  with  their  solutions.  The  absorptive  power  of  a  colloid 
depends  upon  its  molecular  state  of  aggregation,  and  is  also  different  for  the  different 


a  Jour.  Jloy.  Agr.  Soc,  11,  313  (1850). 

&  Jahresb.  Agr.  Chem.,  1,  29  (1858);  6,  12  (1862).. 

clbid.,8, 11  (1860). 

dibid.,  10,21(1867). 

<Landw.  Vers.-Stat.,  88,  364  (1887). 

/Landw.  Vers.-Stat.,  26,  135  (1881). 

^Landw.  Vers.-Stat.,  85,  136  (1888). 
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substances  which  it  absorbs.  The  power  of  absorption  decreases  as  the  colloid  holds 
absorbed  more  and  more  of  the  substance.  The  relation  between  the  concentration 
in  the  colloid  and  the  concentration  in  the  solution  at  equilibrium  is  a  complex  func- 
tion (still  unknown)  of  these  concentrations  and  of  the  temperature.  The  absorbed 
substances  may  be  substituted  by  other  substances  absorbed  from  solution  by  the 
colloid;  bases  may  in  this  manner  be  substituted  for  the  bases  of  a  salt  solution.  Col- 
loids may  often  produce  chemical  decomposition  of  salts  by  their  power  of  absorption. 
The  soil  contains  colloids,  colloidal  silicates,  iron  oxide,  silicic  acid«  and  humus  sub- 
stances, all  of  which  may  bring  about  these  actions. 

Van  Bemmelen  thinks  that  the  absorptive  power  of  a  soil  is  mainly 
to  be  ascribed  to  the  colloidal  oxides  and  silicates  present  in  it. 

Humus  substances  are  decomposition  and  degradation  products 
of  carbohydrates,  albuminoids,  etc.  Humus  will  absorb  ammonia 
and  organic  materials  to  a  greater  or  less  degree.  Natural  humus 
contains  nitrogen,  of  which  a  part  may  be  driven  oflF  as  ammonia  by 
dilute  potassium  hydroxide;  on  treating  further  with  strong  potash 
solution  ammonia  is  unmistakably  given  off  anew.  He  states  that 
when  peat  is  analyzed  it  shows  the  presence  of  alkali  bases,  which 
for  the  most  part  must  be  absorbed,  since  the  oeat  is  lacking  in 
mineral  acids  sufficient  to  neutralize  them. 

Consideration  of  the  solubility  of  the  humus  substances  shows 
that  some  exist  which  are  of  themselves  soluble  in  water.  Some, 
indeed,  according  to  Van  Bemmelen,  may  go  through  colloidal  mem- 
branes on  dialyzing,  but  for  the  most  part  their  solubility  is  a  colloidal 
solubility.  They  form  generally  opalescent  liquids  when  they  are 
dissolved.  Frequently  the  solubility  depends  upon  small  masses 
of  alkali  or  of  ammonia.  Often  the  humus  constituents  may  be 
separated  by  the  influence  of  a  small  mass  of  acid  or  salt  or  by  drying, 
as  well  as  in  other  ways  changed  into  an  insoluble  modification — as 
is  true  for  colloidal  substances  in  general. 

Many  dissolved  humus  substances  show  the  properties  of  a  hydro- 
gel.  The  substance  when  dissolved  by  an  alkali  and  coagulated  by 
an  acid  after  washing  out  partly  dissolves  again,  and  this  solution  is 
of  a  colloidal  nature.  These  humus  substances  form  absorption 
complexes  with  acids  and  salts,  but  most  easily  with  bases.  The 
dissolved  humus  substances  form  with  alkalies  soluble  complexes 
which  may  be  separated  by  alcohol. 

Heiden*  found  that  peat  and  various  preparations  of  the  supposed 
humic  acids  when  brought  inte  solutions  of  chloride  of  potassium 
and  chloride  of  ammonium  remove  a  portion  of  these  salts  from  the 
liquid,  leaving  the  solutions  perceptibly  weaker.  The  removed  salts 
were  for  the  most  part  readily  recovered  by  a  small  quantity  of  water. 
Schumacher  *•  observed  that  humus  artificially  prepared  by  the  action 
of  oil  of  vitriol  on  sugar  when  placed  in  10  times  its  quantity  of  solu- 
tions of  various  salts  containing  about  0.5  per  cent  of  solid  matter 

a  Hoffmann^s  Jahresb. ,  1866,  p.  29.  6  Hoffmann's  Jahresb.,  1867,  p.  18. 
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absorbed  of  sulphates  of  soda  and  ammonium  and  of  chlorides  of 
calcium  and  ammonium  about  2  per  cent,  of  sulphate  of  potash  4 
per  cent,  and  of  phosphate  of  soda  10  per  cent.  Schumacher  also 
noticed  that  sulphate  of  potash  is  able  to  expel  sulphate  of  ammonium 
from  so-called  humic  acid  which  has  been  saturated  with  the  latter 
salt,  but  that  the  latter  can  not  displace  the  former.  In  Schu- 
macher's experiments  pure  water  freely  dissolved  the  salts  absorbed 
by  the  supposed  humic  acid.** 

A  neat  experimental  demonstration  of  the  absorption  of  soluble 
material  from  solution  was  given  in  1867.  Humus  and  a  weak  solu- 
tion of  oxalic  acid  were  placed  in  a  beaker.^  The  humus  absorbed 
the  oxalic  acid  from  solution,  and  after  the  humus  had  settled  and  the 
supernatant  solution  had  become  clear  a  little  sack  made  of  collodion, 
attached  to  a  glass  tube  and  filled  with  water  and  calcium  carbonate, 
was  suspended  in  the  solution,  not  touching  the  layer  of  settled- 
out  humus.  The  oxalic  acid  of  the  solution  diffused  into  the  col- 
lodion sack  and  reacted  with  the  calcium  carbonate  to  form  insoluble 
calcium  oxalate.  Thus  the  concentration  of  the  solution  in  oxalic 
acid  is  lowered  and  the  absorbed  oxalic  acid  from  the  humus  comes 
again  into  solution,  and  finally  the  absorbed  oxalic  acid  is  practically 
all  removed  from  the  humus.  This  was  shown  by  removing  the 
humus  and  extracting  with  hot  wat^r.  The  filtrate  showed  no  trace 
of  oxalic  acid.  The  humus  was  tree  from  bases,  so  that  a  chemical 
combination  could  not  have  been  formed.  If  the  humus  had  be^n 
in  contact  with  a  nutrient  solution,  and  had  absorbed  plant  food 
from  it,  a  plant  whose  roots  were  in  the  solution  would  have  behaved 
in  a  similar  manner,  absorbing  the  soluble  matter  from  solution  just 
as  did  the  collodion  sack  containing  calcium  carbonate. 

From  calcium  phosphate,  humus  suspended  in  water  can  absorb 
calcium  and  considerable  free  phosphoric  acid. 

That  plant  substances  and  animal  tissues  may  absorb  inorganic 
chemical  compounds  accompanied  even  by  chemical  decomposition 
of  inorganic  solute  is  known.  Consequently  one  may  expect  of  the 
humus  constituents  that  they  are  in  condition  to  absorb  whole  salts 
and  acids  in  small  amounts.  If  these  humus  constituents  are  coagu- 
lated from  aqueous  solution  by  a  small  mass  of  acid  or  salt,  they  are 
very  difficult  to  free  of  acids  or  salts  by  washing.  This  fact  van 
Bemmelen  considers  as  showing  that  the  acid  or  the  salt  is  absorbed 
by  a  colloid.^ 

According  to  van  Bemmelen,  compounds  of  the  so-called  humic 
acid  soluble  in  water  are  obtained  when  the  aqueous  or  alkaline 
solution  of  a  humus  substance  is  treated  with  a  solution  of  the  hy- 

a Hoffmann's  Jahresb.,  1867,  p.  18.     See  also  Johnson,  How  Crops  Feed,  p.  172. 
ft  Quoted  by  Schumacher,  Physik  der  Pflanze,  p.  304,  Berlin,  1867. 
c  Van  Bemmelen,  Landw.  Vers.-Stat.,  35,  69  (1888). 
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drates  of  the  alkaline  earths  or  salts  of  the  alkaline  earths  and  metal- 
lic oxides — for  instance,  calcium,  lead,  and  iron,  etc.  These  com- 
pounds are  also  of  colloidal  nature  and  of  changing  composition. 
The  humus  substance  in  aqueous  solution  is  coagulated  and  pre- 
cipitated by  a  small  mass  of  salt,  and  may  fix  a  certain  mass  of  base 
by  absorption.  Even  an  undissolved  base  in  a  hydrogel  condition 
may  precipitate  humic  acid,  as,  for  instance,  the  hydrogel  of  alumina. 

The  humus  substances  hold  the  potassium  more  strongly  com- 
bined than  the  calcium,  but  the  calcium  compound  is  less  soluble. 
If,  therefore,  humus  is  treated  with  a  solution  of  a  potassium  salt, 
a  certain  mass  of  potassium  is  fixed,  along  with  an  interchange  with 
calcium  and  magnesium;  and  if  the  soluble  compound  of  humus  is 
treated  with  an  alkali  or  calcium  solution,  then  it  will  form  an  insol- 
uble calcium  humus  compound.  The  action  of  humus  substances 
upon  alkali  carbonates,  alkali  phosphates,  and,  in  general,  salts  of 
weak  acids,  is  such  that  certain  masses  of  alkali  are  absorbed  with 
exchange  for  calcium  and  magnesium.  In  addition,  alkali  is  ab- 
sorbed by  the  insoluble  humus  substances,  humus  substance  is 
brought  into  solution  by  the  alkali  thus  set  free,  and  the  above  min- 
eral acids  are  precipitated  by  alkaline  earths.  Since,  in  general, 
the  absorption  of  base  is  greater  than  of  acid,  the  remaining  solution 
has  an  acid  reaction,  although  the  salt  was  one  of  a  strong  base  with 
a  weak  acid. 

The  decolorizing  action  of  wood  charcoal  was  discovered  in  1791  by 
Lowitz,"  and  later  Figuier  showed  the  greater  absorbing  power  of 
animal  charcoal.  Payen''  found  that  charcoal  could  absorb  lime 
from  solution  as  well  as  coloring  matter.  Graham^  ascribed  this 
decolorization  to  the  concentration  of  coloring  matter  upon  the  sur- 
face of  the  carbon — that  is,  to  adsorption — a  purely  mechanical 
explanation.  He  found  that  charcoal  also  acts  chemically  upon  solu- 
tions, extracting  the  metal  from  solutions.  Weppen  **  found  that  one 
salt  affects  the  absorption  of  another  by  charcoal.  Bimbaum  and 
Bombasch  ^  found  that  boneblack  absorbs  a  small  amount  of 
ammonia  from  ammonium  salts  and  that  in  other  cases  the  acid  and 
basic  radicals  are  absorbed,  but  not  in  equivalent  proportions. 
Qualitative  experiments  by  Liebermann^  have  shown  that  the 
acidity  or  basicity  of  a  solution  treated  with  charcoal  changes  as  well 
as  the  concentration.     Similar  results  have  been  obtained  by  Moride,^ 

a  See  Ostwald,  Stoechiometrie,  1891,  p.  1093. 

6  Ann.  Chim.  Phys.,  21,  215  (1822). 

c  Quarterly  Jour.  Sci.  (new  series),  7,  120  (1830);  alsci  Pogg.  Ann.,  19,  139  (1830). 

d  Ann.  Phys.  Chem.,  55,  241  (1845);  551,  354  (1846). 

e  Dingl,  Poly.  Jour.,  218,  148  (1876). 

/Wien.  Akad.  Ber.,  74,  331  (1877). 

9  Compt.  rend.,  41,  605  (1855). 
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Esprit,**  and  Heintz,**  and  Kelberin  ^  has  studied  the  absorption  of 
hydrochloric  acid  by  charcoal.  Kroeker  **  and  Lagergren  *  have 
used  charcoal  in  studying  the  distribution  of  the  solute  between  the 
solvent  and  absorbent,  and  the  latter  investigator  used  charcoal  in 
studying  the  rate  of  absorption.  Oechsner  de  Coninck^  has  shown 
that  heavy  metals  are  removed  from  solution  of  their  salts  by  charcoal. 
Rosenthaler  and  Tiirk^  have  studied  the  absorption  of  various 
pharmaceutical  substances  from  their  solutions  when  treated  under 
standard  conditions  with  diflFerent  kinds  of  charcoal.  These  char- 
coals may  be  divided,  according  to  their  absorbent  powers,  into 
strongly  absorbent — bone,  flesh,  and  *' vegetable  blood"  charcoals, 
in  the  order  named — and  weakly  absorbent  or  nonabsorbent — blood, 
lime-wood,  and  spongy  charcoals.  For  the  same  kind  of  charcoal 
the  absorption  of  any  substance  varies  with  the  solvent  which  is 
employed.  The  absorption  is  by  far  the  strongest  in  aqueous  solu- 
tions; it  is  less  with  ethyl  alcohol,  methyl  alcohol,  ethyl  acetate, 
acetone,  and  least  of  all  with  chloroform  solutions.  The  speed  of 
absorption  depends  on  the  same  factors  as  influence  the  amount  of 
absorption,  being  greatest  in  the  case  of  bone  charcoal  and  aqueous 
solutions.  The  quantity  of  substance  absorbed  by  a  given  quantity 
of  charcoal  is  relatively  less  for  concentrated  solutions  than  for  dilute 
solutions.  All  the  circumstances  which  favor  absorption  act  in  a  simi- 
lar degree  in  resisting  the  reextraction  of  the  absorbed  substance. 
The  decolorizing  power  of  the  charcoal  is  dependent  on  its  absorbing 
power.  As  regards  the  use  of  charcoal  for  decolorizing  purposes,  the 
authors  state  that  the  charcoal  must  be  carefully  purified  before  use, 
either  by  repeated  extraction  with  the  solvent  which  is  to  be  used  or 
by  igniting  gently  and  washing  with  acid.  The  quantity  of  charcoal 
employed  should  be  as  small  as  possible.  It  is  not  necessary  to  heat 
the  liquid  with  the  charcoal;  several  hours'  contact  at  the  ordinary 
temperature  will  suffice.  The  decolorization  should  not,  for  prefer- 
ence, be  effected  in  an  aqueous  solution,  because  the  loss  of  substance 
by  absorption  is  at  a  maximum  with  that  solvent;  the  solution  should 
be  as  concentrated  as  possible.  Easily  oxidizable  substances  should 
not  be  decolorized  by  animal  charcoal,  because  this  charcoal  has  a 
powerful  oxidizing  action;  the  oxidation  of  alkaloids  i» retarded  by 
treating  them  in  the  form  of  salts.  Blood  charcoal  has  the  strongest 
oxidizing  action,  lime-wood  charcoal  has  hardly  any.     Bone  and  flesh 

o  Jour,  phann.,  10, 192  (1849). 

b  Lieb.  Ann.,  187,  223  (1877). 

c  See  Oetwald,  Lehrbuch  der  Allgemeine  Chemie  (1891)  p.  1096. 

^  Uber  die  Adsorption  geldster  Kdrper  durch  Kohle,  Diss.  Berlin,  1892. 

«  Bihang  till  K.  Sv.  Vet.  Akad.  Handl.,  24,  Afd.  II,  No.  4  (1898). 

/Compt.  rend.,  130,  1627  (1900). 

gAich.  Pharm.,  244,  517  (1906). 
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charcoals  can  be  employed  in  the  determination  of  caffeine  without 
loss  of  alkaloid,  but  in  the  determination  of  sugars,  etc.,  in  wine  and 
other  liquids  charcoal  should  not  be  used  unless  it  has  been  proved 
that  no  loss  by  absorption  takes  place  imder  the  conditions  of  the 
experiment.  The  close  interdependence  of  the  decolorizing  and 
absorbent  properties  of  charcoals  suggests  that  the  decolorization  is 
due  to  absorption  of  the  coloring  matters.  The  fact  that  successful 
results  can  be  obtained  in  practice  depends,  first,  on  the  circum- 
stance that  the  amount  of  coloring  matter  is  generally  only  a  frac- 
tion of  the  total  substance  in  solution,  and,  second,  on  a  selective 
absorption,  according  to  which  the  quantity  absorbed  is  generally 
proportional  to  the  molecular  weight,  most  coloring  matters  being 
substances  of  high  molecular  weight. 

The  experiments  of  Kellner*"  show  that  platinum  black  absorbs 
minut«  quantities  of  acids  and  alkalies,  but  gives  them  up  to  water 
on  standing. 

Many  rock  powders  possess  the  power  of  absorbing  the  coloring 
matter  from  solutions  in  which  the  powders  are  suspended.  The 
alkalinity  of  water  in  which  rock  powders  have  been  in  suspension 
has  been  shown  in  a  large  number  of  cases  by  Clarke.*  Some  pow- 
ders, such  as  very  finely  powdered  orthoclase,  have  been  found  to 
show  no  red  color  with  phenolphthalein.  This  is  due  to  the  absorp- 
tion of  the  color  by  the  powder.  A  suspension  of  orthoclase  in 
water  which  showed  no  color  on  the  addition  of  phenolphthalein  was 
allowed  to  settle,  and  the  supernatant  solution  after  being  poured  off 
showed  a  distinct  red  color  with  a  further  addition  of  phenolphthal- 
ein. When  a  little  of  the  suspended  material  was  added  to  the  solu- 
tion again  the  red  color  disappeared  from  the  solutions,  but  was  seen 
on  the  surface  of  the  solid  particles.  The  test  of  alkalinity  of  a  solu- 
tion by  phenolphthalein  can  not  properly  be  made  if  there  are  present 
in  suspension  finely  divided  particles  which  have  the  power  of  absorb- 
ing the  indicator.  Another  substance  which  absorbs  the  phenol- 
phthalein is  magnesium  ammonium  phosphate. 

Hulett  and  Duschak^  have  investigated  the  nature  of  barium 
sulphate  precipitates,  which  are  nearly  always  found  to  weigh  too 
much,  and  attribute  the  results  observed  by  them  to  the  formation 
of  a  compound  BaCl.HSO^.  On  long  standing  or  heating  of  the  pre- 
cipitate hydrochloric  acid  was  given  off — which  is  in  harmony  with  the 
assumption  that  hydrochloric  acid  was  absorbed  on  the  surface  of  the 
precipitate  and  escaped  when  the  area  of  surface  was  reduced. 
Barium  sulphate  precipitates  have  been  found  to  absorb  many  com- 

«  Ann.  Phys.  Chem.,  57,  79  (1895). 
5  Bui.  No.  167,  U.  S.  Geol.  Survey,  p.  156  (1900). 

c  Zeit.  anorg.  Chem.,  40,  196  (1904).  See  also  Trans.  Am.  Eleotro-Chem.  Soc,  12, 
257  (1908). 
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pounds  from  solution.  Vanino  and  Hartl**  observed  that  this  pre- 
cipitate absorbs  colloidal  metals  from  solution^  and  Patten  ^  observed 
that  salts  of  nickel,  cobalt,  chromium,  iron,  and  manganese  in  solu- 
tion are  absorbed  by  barium  sulphate  precipitates.  Korte*'  has  found 
that  not  only  does  barium  sulphate  absorb  salts  from  solution,  but 
also  calcium  oxalate  precipitates  absorb  magnesium  oxalate,  even 
in  the  presence  of  ammonium  chloride,  and  ferric  hydroxide  absorbs 
manganese  hydroxide  and  nickel  hydroxide.  Ostwald**  has  called 
attention  to  similar  cases. 

Suida''  has  shown  that  the  fixation  of  dyes  by  animal  textiles 
(wool  or  silk)  is  due  in  part  to  the  amphoteric  character  of  the  amino 
acids  which  enter  into  the  composition  of  these  albuminoid  bodies. 
He  has  separated  bodies  from  these  complex  albuminoid  fibers 
which,  like  the  original  substance,  fix  acid  or  basic  dyes,  since  these 
simpler  decomposition  products  are  themselves  amino  acids,  RCNH^) 
(COOH). 

Colloidal  substances  have  the  power  of  absorption  to  a  very  marked 
degree.  In  numerous  papers^  van  Benmielen  has  shown  that  all 
colloids  absorb  organic  and  inorganic  compounds.  They  have  the 
power  of  absorbing  one  of  the  constituents  of  an  inorganic  salt,  leav- 
ing the  solution  acid  or  alkaline,  as  the  case  may  be.  The  distribution 
of  the  absorbed  material  between  water  and  the  colloid  is  not  con- 
stant, but  depends  upon  the  concentration  of  the  solution. 

The  use  of  clays  as  absorbents  has  been  specially  valuable  in  tech- 
nical processes,  and  more  especially  in  the  clarification  and  separation 
of  oils.  The  technical  literature  on  this  subject  is  now  enormous, 
but,  while  of  the  highest  importance  for  certain  commercial  processes, 
the  work  which  has  been  done  adds  comparatively  little  to  our  theo- 
retical knowledge  of  the  subject,  and  hence  is  not  given  in  detail. 

SELECTIVE  ABBORPTIOir. 

It  has  been  found  by  numerous  investigators  that  when  an  absorb- 
ent is  brought  into  contact  with  a  solution  containing  two  or  more 
solutes  these  solutes  may  be  absorbed  in  very  different  degrees,  and 
thus  more  or  less  complete  separation  of  the  solutes  may  be  eflFected. 
A  particularly  interesting  case  of  selective  absorption  is  where  a  sub- 

a  Ber.,  37,  3620  (1904). 

fe  Jour.  Am.  Chem.  Soc,  25,  186  (1903). 

cJoiir.  Chem.  Soc,  87,  1503  (1905). 

d  Foundations  of  Analytical  Chemistry,  Trans,  by  McGrowan,  1895,  p.  26. 

«Monat8h.  Chem.,  25,  1107  (1904);  20,  413,  855  (1905);  27,  225  (1906);  Hoppe- 
Seyler's  Zeit.  physiol.  Chem.,  5,  174  (1906);  C.  f.  the  literature  on  dyfes  and  amino 
acids  given  there. 

/Landw.  Vers.-Stat.,  85,  72  (1888);  Jour,  prakt.  Chem.,  23  ,  324  (1881);  Zeit.  phys. 
Chem.,  18,  331  (1895);  Zeit.  anorg.  Chem.,  13,  233  (1896);  18,  14,  98  (1898);  23,  111, 
321  (1900);  30,  265  (1902);  35,  23,  338  (1904);  Arch.  N^r.  (2),  0,  607  (1903). 


stance  like  a  salt  is  separated  into  its  constituent  parts  and  either  the 
acid  or  the  base  from  which  the  salt  is  derived  is  absorbed  to  a  greater 
extent,  leaving  the  solution  more  concentrated  with  respect  to  the 
least-absorbed  constituent.  Thus,  for  instance,  a  solution  of  potas- 
sium chloride  agitated  in  contact  with  a  soil,  or  cotton,  or  carbon 
black,  or  similar  materials  which  do  not  themselves  react  with  either 
the  base  or  the  acid,  nevertheless  leaves  a  solution  which  is  markedly 
acid.  This  phenomenon  is  particularly  marked  in  the  case  of  such 
salts  as  are  greatly  hydrolyzed  when  brought  into  contact  with  water. 
A  third  type  of  selective  absorption  has  been  observed  in  a  few  cases 
and  designated  as  negative  absorption — that  is,  there  is  an  increase 
in  the  concentration  of  the  solute  after  contact  with  the  absorbent. 
This  is  obviously  due  to  the  fact  that  the  solvent  is  taken  up  or 
absorbed  to  a  relatively  greater  extent  than  the  solute.  This  per- 
haps theoretically  should  not  be  considered  as  a  special  case,  since  we 
are  yet  without  criteria  to  distinguish  between  solvent  and  solute, 
and  it  is  rather  a  matter  of  convenience  to  consider  the  material  in 
excess  as  the  solvent. 

CARBON. 
SEPARATION   OP   SILVER   FROM    SILVER   NITRATE. 

Graham**  studied  a  number  of  interesting  cases  of  selective  absorp- 
tion. He  found,  for  instance,  that  when  a  solution  of  silver  nitrate 
was  passed  through  powdered  charcoal  a  separation  of  the  salt  was 
effected,  and  a  subsequent  examination  of  the  charcoal  disclosed  the 
presence  of  metallic  silver  in  small  spangles. 

EXTRACTION   OF   METALS   FROM    NEUTRAL   SALT   SOLUTIONS. 

Esprit,''  Moride,^  and  Heintz**  obtained  similar  selective  absorp- 
tions with  carbon,  the  metal  being  extracted  from  its  neutral  salt 
solution  and  the  resulting  solution  having  in  consequence  an  acid 
reaction. 

Oechsner  de  Coninck*  effected  separations  of  the  heavy  metals 
from  their  solutions  by  percolating  through  charcoal.  In  this  way 
iron  could  be  quantitatively  separated  from  solutions  of  its  chloride. 

LIBERATION   OF   ACID   FROM   NEUTRAL   SALT   SOLUTIONS. 

Liebermann^  found  that  the  following  salt  solutions  passed 
through  animal  charcoal  yielded  acid  solutions,  some  of  which  on 
distillation  gave  the  free  acid:  The  barium  salt  of  the  acid  formed 
by  oxidizing  glycerin  with  chromic  acid,  barium  formate,  sodium 
acetate,  lead  acetate,  calcium  glycoUate,  zinc  lactate,  ammonium 

a  Pogg.  Ann.,  19, 139  (1830).  d  Lieb.  Ann.,  187,  227  (1877). 

&Jour.  Pharm.,  16, 192  (1849).  «Compt.  rend.,  180, 1627  (1900). 

cCompt.  rend.,  41,  605  (1855).  'Wien.  Akad.  Ber.,  74,  331  (1877). 
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oxalate,  sodium-potassium  tartratei  sodium  borate  (previously  alkar- 
line),  trisodium  phosphate  (previously  very  alkaline),  disodium 
phosphate,  ferrous  sulphate,  copper  sulphate,  silver  nitrate,  and 
potassium  acetate.  The  following  aqueous  salt  solutions,  however, 
showed  no  change  of  alkalinity  or  acidity,  but  the  concentrations 
were  less  after  passing  through  carbon:  Sodium  chloride,  nitrate, 
and  sulphate;  potassium  chloride,  iodide,  bromide,  cyanide,  sul- 
phocyanate,  and  sulphate;  calcium  chloride,  and  barium  chloride 
asid  nitrate.  In  the  case  of  morphine  acetate  and  caffein  citrate, 
ihe  first  percolates  contained  none  of  the-  solute,  but  after  a  time 

Hat  free  acids  came  through. 

-  f 

SEPAKATION  OP  ORGANIC  DYES  INTO  AGED  AND  BASIC  CONSTITUENTS. 

Preundlich  and  Losev**  have  found  that  basic  dyes  in  aqueous 
solution  are  split  by  charcoal,  the  base  being  absorbed  and  the  acid 
remaining  as  such  in  solution.  The  absorbents  silk,  wool,  and  cotton 
act  similarly.  The  color  base  of  crystal  violet  present  in  adsorbed 
condition  upon  the  surface  of  the  charcoal  is  a  glittering  brown-violet 
color;  it  is  insoluble  in  water,  but  dissolves  in  acids,  alcohols,  pyridine, 
etc.,  with  a  blue-violet  color.  The  color-base  of  ^'Neufuchsin" 
appears  green  on  the  surface  of  the  charcoal  and  dissolves  in  acids, 
alcohols,  pyridine,  etc.,  with  a  red  color.  The  body,  described  by 
Baeyer,  obtained  when  fuchsine  is  treated  with  cold  aqueous  sodium 
hydroxide,  and  which  is  regarded  as  a  polymeric  imine  base,  resembles 
in  many  respects  the  material  adsorbed  on  the  charcoal.  From 
crystal  violet,  also,  there  was  obtained,  by  adding  cold  sodium 
hydroxide  solution,  a  brown-violet  amorphous  powder  difficultly 
soluble  in  water,  but  readily  soluble  in  alcohols  and  pyridine  with  a 
blue-violet  color.  On  these  experimental  grounds  Freundlich  and 
Losev  suggest  that  amorphous  polymerization  products  of  the  color 
base  are  adsorbed  and  form  with  carbon  or  other  adsorbent,  colloid 
complexes.  In  the  case  of  the  dyes  patent-blue  and  orange  IV,  there 
is  no  splitting  of  the  dye  salt  by  charcoal  on  adsorption. 

OBLATINE. 
SEPARATION   OF   ALUMINA   FROM    rTS   SALTS. 

Lummiere  and  Seyewetz  *  found  that  the  separation  of  alumina  from 
its  salts  could  be  effected  by  using  gelatine  as  an  absorbent. 

SOIIi. 
ABSORPTION   OF   FERTILIZERS. 

Selective  absorption  of  different  fertilizers  by  the  soil  was  early 
studied  by  Frank  <^  and  by  Treutler,**  as  described  above. 

a  Zeit.  phys.  Chem.,  69,  284  (1907).     cLandw.  Vere.-Stat.,  8,  45  (1866). 
t>B\x\.  Soc.  Chim.,  85,  676  (1906).         d Ibid.,  12, 184  (1869);  15,  371  (1872). 
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ABSORPTION   OP  NEUTRAL   SALTS   AND   DYES. 

Schonbein"  dipped  strips  of  paper  into  different  solutions,  deter- 
mined the  heights  to  which  the  solution  and  the  pure  solvent  rose 
in  the  paper,  and  observed  their  ratio.  Since  the  paper  absorbs  the 
salt  or  organic  coloring  matter  from  solution,  the. higher  layers  are 
more  and  more  dilute  till  near  the  top  of  the  wetted  paper  one  finds 
pure  solvent.  Goppelsroder  ^  has  used  this  selective  property  of 
paper  to  separate  different  dyes.  He  obtained  a  rose-red  substance, 
probably  fuchsine,  from  commercial  azuline,  which  lost  its  violet 
tint  and  became  a  purer  blue.  Bayley*"  noticed  that  when  drops 
of  certain  solutions  fell  on  filter  paper  there  was  a  separation  into  a 
water  ring  surrounding  a  solution  more  concentrated  than  the  orig- 
inal solution.  He  found,  too,  that  with  increasing  dilution  the 
amoimt  of  separation  became  greater,  and  that  increase  in  temper- 
ature and  looseness  of  texture  lowered  the  absorptive  effect. 

Lloyd**  has  determined  the  relative  separations  of  different  salts 
and  finds  that  with  sodium  chloride  no  separation  occurs,  while 
sulphuric  acid  and  solutions  of  ferric  sulphate  and  of  salts  of  silver, 
lead,  and  mercury  suffer  more  or  less  separation  into  water  and  a 
stronger  solution.  Using  the  same  method,  Trey*  has  effected  a 
separation  of  cadmium  from  copper.  The  copper  cadmium  solution 
is  made  alkaline  with  ammonia  and  diluted  until  the  blue  color  is 
scarcely  visible.  Several  drops  of  the  solution  are  allowed  to  spread 
into  a  filter  paper,  and  when  the  wet  paper  is  subjected  to  ammonium 
sulphide  vapor  three  rings,  appear — an  outer  water  ring,  which  has 
been  robbed  of  soluble  material  by  the  absorbing  action  of  the  paper; 
a  yellow  ring  of  cadmium  sulphide  precipitated  from  the  soluble 
cadmium  salt  which  was  less  strongly  absorbed  by  the  paper  than 
the  copper  salt;  and  in  the  center  is  a  black  circle  of  mixed  copper 
and  cadmium  sulphides,  the  copper  salt  being  held  back  by  the 
absorptive  effect  of  the  paper,  while  the  liquid  as  a  whole  follows  its 
normal  tendency  to  spread,  and  thus  the  water  appears  to  travel 
faster  in  the  filter  paper  than  the  cadmium  salt  solution;  the  cad- 
ttiium  salt  seems  to  spread  slower  than  the  water,  but  faster  than 
the  copper  solution.  Vriens^  passed  dilute  nitric  acid  through 
several  filter  papers  and  found  the  absorption  of  acid,  as  shown  by 

a  Verhandlung  d.  Naturforech.  Gee.  in  Basel,  8,  249,  (1861-63);  Pogg.  Ann.,  114, 
275  (1861). 
&  Ibid.,  8,  263  (1861-63);  Mitteil  d.  techn.  Gewerbemuseums,  Wien.  (1889). 
cJour.  Chem.  Soc.,  88,  304  (1876). 
dChem.  News,  61,  51  (1885). 
«Zeit.  anal.  Chem.,  87,  743  (1898). 
/  Zeit.  phys.  Chem.,  81»  230  (1899). 
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decrease  in  concentration,  to  be  proportional  to  the  number  of  filter 
papers  used.  J.  J.  Thomson**  has  made  similar  observations  with 
filter  paper.  Fischer  and  Schmidner*  allowed  a  saturated  solu- 
tion of  ferrous  ammonium  sulphate  to  diffuse  upwards  through  rolls 
of  filter  paper  inside  of  a  glass  tube,  and  found  that  the  proportion 
of  the  constituents  in  the  filter  paper  was  the  same  as  in  the  double 
salt,  although  the  absolute  amounts  had  been  diminished. 

Cameron  and  Bell*^  have  studied  the  rise  of  solutions  and  of  pure 
solvents  in  paper,  using  aqueous  solutions  of  malachite  green,  eosine, 
and  potassium  chloride,  and  mixtures  of  the  two  dye  solutions  and  of 
eosine  and  potassium  chloride.  The  rise  of  water  and  of  solution  is 
well  represented  by  the  equation  y*  =  Kt,  where  y  is  the  height  to  which 
the  paper  is  wetted,  t  is  the  time,  and  n  and  K  are  constants.  They 
were  able  to  separate  the  dyes  from  each  other  and  from  potassium 
chloride  and  showed  that  the  presence  of  potassium  chloride  de- 
creased markedly  the  height  to  which  eosine  rose  in  the  paper  in  a 
given  time. 

COTTON. 
ABSORPTION  OF  POTASH  FROM  POTASSIUM  CHLORIDE  SOLUTIONS. 

These  same  investigators  **  wrapped  strips  of  sensitive  blue  litmus 
paper  in  absorbent  cotton  moistened  with  distilled  water  freed  from  car- 
bon dioxide  and  showing  no  reaction  with  a  very  sensitive  specimen  of 
litmus.  A  slight  pressure  was  applied  in  order  to  insure  intimate 
contact.  In  the  course  of  about  fifteen  minutes  the  litmus  paper  had 
become  decidedly  pink,  apparently  showing  an  acid  reaction.  Two 
wads  of  this  same  cotton  were  placed  in  beakers,  one  containing  a 
solution  of  potassium  chloride  neutral  to  litmus  and  the  other  contain- 
ing potassium  acetate  with  a  slight  but  sufiiicient  excess  of  acetic  acid 
to  redden  litmus.  Within  a  few  minutes  the  supernatant  liquor  in 
the  beaker  containing  potassium  chloride  had  become  distinctly  acid, 
as  shown  by  the  further  addition  of  litmus,  while  the  supernatant 
solution  in  the  beaker  containing  the  acetate  had  become  distinctly 
alkaline  to  both  litmus  and  phenolphthalein.  It  is  obvious,  there- 
fore, that  the  reddening  of  the  litmus  was  a  true  absorption  effect. 

Absorbent  cotton  has  the  power  of  absorbing  potash  from  a  po- 
tassium chloride  solution.  A  tube  which  was  filled  with  absorbect 
cotton  was  placed  in  a  beaker  containing  a  solution  of  potassium 
chloride  neutral  to  litmus.  The  solution  after  passing  through  the 
cotton  was  decidedly  acid.  But  when  potassium  acetate  was  sub- 
stituted for  potassium  chloride,  even  though  a  slight  excess  of  acid 

o  Applications  of  Dynamics  to  Physics  and  Chemistry  (1888),  p.  191. 
6Ann.  Chem.  (Liebig),  272, 156  (1893.) 

cThe  Mineral  (Xmstituents  of  the  Soil  Solution,  Bui.  No.  30,  Bureau  of  Soils,  U, 
S.  Dept.  of  Agr.,  (1905);  Jour.  Phys.  Chem.,  10,  658  (1906). 
d  Bui.  30,  Bureau  of  Soils,  Dept.  Agr.  (1905). 
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was  present,  the  solution  after  passing  through  the  cotton  was  alka- 
line to  litmus  or  phenolphthalein.  Similar  results  were  obtained  by 
merely  agitating  wads  of  cotton  in  solutions  of  the  reagents. 

BABIT7M  SULPHATE. 
ABSORPTION  OP  SODA   FROM   SODIUM   SULPHATE   SOLUTION. 

In  another  experiment  a  solution  of  sodium  sulphate  neutral  to 
litmus  was  added  to  a  solution  of  barium  chloride  neutral  to  litmus 
in  the  cold.  After  the  precipitate  subsided  the  supernatant  solution 
was  found  to  be  acid.  The  experiment  was  repeated,  using  potassium 
sulphate  instead  of  sodium  sulphate,  and  the  supernatant  solution 
was  alkaline.  These  experiments  indicate  that  the  barium  sulphate 
precipitate  absorbs  some  of  the  constituents  of  the  solution,  that  the 
relative  amount  of  acid  and  alkali  absorbed  may  be  varied,  and  tiiat 
the  absorbing  medium  may  act  very  differently  toward  bases  or  acids. 

KAOUN. 

E.  C.  Sullivan,**  using  magnesiiun  and  sodium  chloride  solutions, 
repeated  Kohler's  ^  experiments  on  the  filtration  of  salt  solutions 
through  kaolin  and  confirmed  his  result  that  the  filtrate  from  a  neu- 
tral salt  solution  is  slightly  acid.  Kohler  attributed  this  effect  to  a 
selective  concentration  of  dissolved  substance — an  adsorption  of  the 
base.  But  Sullivan  accounts  for  this  acidity  in  the  filtrate  by  an 
exchange  of  the  magnesium  and  sodium  of  these  salts  in  part  for  the 
iron  and  aluminum  of  the  kaolin,  the  salts  of  the  latter  metals  under- 
going extensive  hydrolysis  in  dilute  solution.  The  acidity  observed 
is  of  the  same  order  of  magnitude  as  the  quantity  of  trivalent  bases 
found  in  dilute  copper  stdphate  solution  after  contact  with  kaolin. 
He  further  suggests  that  the  acidity  of  a  salt  solution  after  filtration 
through  a  substance,  such  as  kaolin,  through  which  the  liquid  dif- 
fuses but  slowly,  may  be  due  to  some  extent  to  the  greater  velocity 
of  diffusion  of  the  acid  constituent  of  the  salt,  which  is  present  owing 
to  hydrolysis,  while  the  base  is  present  (for  salts  of  heavy  metals) 
to  a  greater  or  less  extent  in  the  colloidal  condition  and  colloids  are 
marked  by  their  very  slow  rate  of  diffusion. 

COPPEB  HYDBOXTDB. 

Tommasi  ^  f oimd  that  the  solutions  of  such  neutral  salts  as  sodium 
chloride  and  sulphate  and  potassium  chloride  and  bromide  become  basic 
when  precipitated  copper  hydroxide  is  added  to  the  solution.  The  acid 
is  absorbed  by  the  copper  hydroxide,  which  then  becomes  green  in  color. 

a  The  Interaction  Between  Minerals  and  Water  Solutions,  Bnl.  312,  U.  S.  Geol, 
Survey,  p.  8,  1907. 

ft  Zeit.  prakt.  Geol.,  11,  49  (1903). 
c  Compt.  rend.,  92,  i^  (1881). 
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NEGATIVE  ABSOBPTION. 
CHARCOAL. 

Lagergren**  found  that  either  solvent  or  solute  could  be  absorbed,  or, 
in  other  words,  that  the  solution  could  become  more  concentrated  or  less 
concentrated.  Thus  solutions  of  sodium  chloride,  potassium  chloride, 
ammonium  chloride,  and  ammonium  bromide  became  more  concen- 
trated after  contact  with  charcoal,  while  sodimn  nitrate,  potassium 
nitrate,  sodium  sulphate,  potassium  sulphate,  and  ammonium  nitrate 
become  less  concentrated.  This  author  states  that  he  coidd  find  no  evi- 
dence of  any  change  in  alkalinity  or  acidity  of  the  solutions.  This 
behavior  has  been  ascribed  by  the  author  to  an  increase  in  the  density  at 
the  surface  of  the  solid — an  increase  in  density  which  involves  an  increase 
in  pressure.  If,  therefore,  an  increase  of  pressure  increases  the  solu- 
bility, or,  in  other  words,  if  solubility  is  accompanied  by  a  decrease 
of  volmne,  there  will  be  a  positive  absorption;  but  under  reverse 
conditions  there  will  be  a  negative  absorption.  Lagergren  has  calcu- 
lated the  degree  of  absorption  from  the  surface  of  the  solid  exposed, 
the  radius  of  molecidar  action,  and  the  density  of  water  imder  differ- 
ent pressures.  The  results  of  the  calculation  for  absorption  of  ammo- 
nium chloride  and  the  observed  absorption  agree  fairly  well. 

KAOLIN   AND   GI^SS   WOOL. 

Parallel  results  have  been  obtained  where  the  absorbing  material 
is  kaolin  and  glass  wool,  the  negative  absorption  of  sodium  chloride 
by  kaolin  having  been  found  by  van  Bemmelen.*' 

CLAY. 

White  china  clay  has  been  used  as  an  absorbing  medium  by  Cush- 
man,*' who  finds  a  considerable  decrease  in  the  basic  ions  from  solutions 
of  ammonium  chloride,  barium  chloride,  and  aluminum  sulphate. 
The  data  indicate  that  there  may  have  been  also  a  negative  absorp- 
tion of  the  sulphuric  acid,  i.  e.,  a  considerable  absorption  of  water 
from  aluminum  sulphate  solutions,  which  then  became  more  con- 
centrated with  sulphuric  acid,  although  the  author  thinks  the  phe- 
nomenon is  due  entirely  to  the  fact  that,  owing  to  hydrolysis,  free 
acid  necessarily  exists  in  a  solution  of  a  salt  of  a  trivalent  base. 

SELECTIVE  ABSOBPTION  OF  DYES. 

Dyes  forming  colloidal  solutions  are  extremely  sensitive  to  elec- 
trolytes in  regard  to  their  adsorption**,  the  effect  being  proportional 
to  the  size  of  the  colloidal  particles.     In  the  case  of  electro-negative 

aBihang  till  K.  Sv.  Vet.  Akad.  Handl.,  24,  Afd.  II.  No.  4  (1898). 
ftZeit.  anorg.  Chem.,  28,  321  (1900). 

cBul.  No.  92,  Bureau  of  Chemistry,  U.  S.  Dept.  Agr.,  1905,  p.  18. 
dBaylifls,  Biochem.  Jour.,  1,  175  (1906). 
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dyes  (Congo-red)  cations  facilitate  absorption,  anions  depress  it;  with 
electro-positive  dyes  (toluidine-blue)  the  opposite  is  seen,  but  in  both 
cases  the  effect  of  anions  is  small.  Salts  of  the  heavy  metals  which 
form  positively  charged  colloidal  hydroxides  powerfully  promote 
adsorption  of  Congo-red.  The  facilitating  ion  is  carried  down  with 
the  dye.  The  presence  of  a  stable  colloid,  such  as  gelatine,  protects 
Congo-red  from  the  action  of  electrolytes.  When  gelatine  is  precipi- 
tated by  tannin,  its  adsorbed  electrolytes  are  split  off.  In  the  process 
of  blood-clotting  there  is  a  diminution  of  electrical  conductivity,  ions 
(probably  of  calcium)  disappearing  from  solution.  There  is  no  evi- 
dence of  a  sudden  separation  of  electrolytes  in  the  tissues  at  the 
moment  of  death,  although  there  is  a  gradual  one  when  a  living  tissue 
is  warmed  from  11°  to  56°.  In  the  action  of  rennet  on  milk  there  is  a 
slight  increase  in  conductivity,  an  additional  fact  showing  this  process 
to  be  quite  different  from  blood-clotting.  In  all  probability  rennet 
action  is  only  an  expression  of  pepsin  action  in  neutral  or  faintly 
alkaline  media  (Pawloff). 

Recently  Ctbw^  has  studied  the  filtration  of  crystalloids  and  col- 
loids through  Martin's  gelatine  filter  (a  Pasteur-Chamberland  filter 
the  pores  of  which  are  filled  with  soUd  gelatine)  and  finds  it  highly 
but  not  completely  permeable  for  such  crystalloids  as  sodium  chlo- 
ride, potassium  iodide,  and  butyric  acid.  The  work  of  Waymouth 
Reid  showing  that  this  filter  is  slightly  permeable  to  colloids  was  con- 
firmed. As  filtration  proceeds  the  crystalloids  show  an  increasing 
concentration  in  the  filtrate,  whereas  the  colloids  gradually  decrease 
to  zero  and  are  completely  retained  by  the  filter.  The  presence  of 
one  substance  in  solution  often  affects  the  rate  of  filtration  of 
another.  The  permeability  depends,  too,  upon  the  gelatine  used. 
Thus  a  filter  prepared  with  15  per  cent  gelatine  solution  is  less  per- 
meable to  certain  colloids  than  a  filter  prepared  with  7.5  per  cent 
gelatine  solution,  and  formaUzed  gelatine  is  less  permeable  to  sodium 
chloride  than  ordinary  gelatine. 

APPLICATION  OF  SBLECTIVE  ABSORPTION  IN  PHYSIOLOGY. 

The  theories  of  absorption  have  been  apphed  to  physiology  in  a 
research  on  the  neutraUzation  by  lysin  and  by  antilysin  and  on 
diffusion  through  gelatine  filters.* 

SELECTIVE  ABSORPTION  OF  DYES  BY  SOILS. 

Sjollema*'  found  that  different  soUd  soil  constituents  have  very 
different  absorptive  power  for  dyes.  He  classifies  as 'colloids  those 
substances  which  are  colored  by  organic  dyes,  and  thus  excludes 
imdecomposed  mineral  fragments  and  quartz  which  are  not  tinted  by 

aProc.  Roy.  Soc,  B  77,  311  (1906). 
bCraw.  Zeit.  phys.  Chem.,  62,  585  (1905). 
cjour.  f.  Landw.,  53,  67  (1905). 
;i5673— Bull.  52—08 ^3 
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the  dyes  he  used.  The  definition  of  a  colloid  thus  implied  is  so  inclu- 
sive as  to  bring  such  substances  as  carbon  black,  platinum  black,  and 
all  other  amorphous  substances,  as  well  as  powdered  crystalline  sub- 
stances, under  the  head  of  colloids,  and  consequently  it  becomes  mean- 
ingless. It  has  been  shown*  by  Cameron  and  Patten  that  gentian 
violet  (gerUianin)  is  adsorbed  by  quartz  to  a  considerable  extent,  and 
this  same  dye  colors  other  soil  grains,  crystalline  as  well  as  amorphous. 
Cameron  and  Bell  *  foimd  that  solutions  of  dyes  poured  through 
soils  always  yield  clear  water  for  the  first  runnings.  When  eosin 
solution  is  used  the  dye  soon  appears  in  the  percolate,  but  soils 
retain  methylene  blue,  malachite  green,  gentian  violet,  and  some 
other  dyes  with  remarkable  tenacity.  Separations  of  a  mixture  of 
eosin  and  methylene  blue  were  made  by  percolation,  the  methylene 
blue  being  completely  retained  by  the  soil,  while  the  eosin  was  com- 
paratively readily  removed  by  washing.  It  was  shown,  too,  that  for 
any  particular  solution  of  a  dye  the  various  soils  had  a  definite  absorp- 
tion limit;  that  is,  if  the  solution  is  poured  on  a  given  mass  of  soil 
slowly  and  at  a  very  uniform  rate  there  is  a  point  at  which  the  soil 
will  cease  to  absorb  the  dye,  and  the  solution  will  come  through 
unchanged.  Fairly  good  duplicate  determinations  for  the  absorptive 
power  of  any  particular  soil  can  be  made  in  this  way.  Heavy  soils 
absorb  generally  more  than  light  soils,  and  black,  red,  or  dark-brown 
soils  more  than  those  of  lighter  color.  The  presence  of  humus  adds 
very  considerably  to  the  absorptive  power  of  a  soil.  In  some  cases, 
at  least,  the  absorption  of  one  dye  by  a  soil  does  not  materially  reduce 
its  capacity  for  retaining  a  second  dye.  It  was  found,  too,  that 
while  a  dye  might  be  so  firmly  held  by  a  soil  as  to  resist  removal  on 
leaching,  the  soil  nevertheless  gave  up  dye  to  filter  paper  and  to  some 
kinds  of  blotting  paper.  Likewise,  absorbed  dye  may  be  removed 
unchanged  in  some  instances  by  use  of  a  different  solvent — for 
example,  alcohol — when  further  leaching  with  water  is  practically 
of  no  avail.  These  authors  state  that,  in  general,  papers  are  better 
absorbents  for  dyes  than  soils,  but,  on  the  other  hand,  some  solutes, 
such  as  alkalies,  are  generally  absorbed  more  powerfully  by  soils 
than  by  papers.  This  has  an  important  bearing  on  the  conmion 
practice  of  testing  the  reaction  of  a  soil  with  moist  litmus  paper. 
Blue  litmus,  as  is  well  known,  is  the  sodium  salt  of  the  red  dye.  In 
aqueous  solution  it  must  be  considerably  hydrolized,  so  that  when  a 
paper  saturated  with  it  is  brought  into  intimate  contact  with  a  soil 
the  base  is  absorbed  more  readily  by  the  soil  and  the  remaining  acid 
more  readily  by  the  paper,  with  the  consequence  that  the  latter 
becomes  red.  This  explanation  of  the  reddening  of  litmus  paper  by 
soils  was  confirmed  by  other  experiments. 

« Jour.  Phys.  Chem.,  11,  581  (1907);  Trans.  Am.  Electrochem.  Soc,  10,  67  (1906). 
6  The  Mineral  Constituents  of  the  Soil,  Bui.  30,  Bureau  of  Soils,  U.  S.  Dept.  of 
Agr  ,  1905,  p.  57. 
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SELECTIVE  ABSORPTION  AND  THE  ACIDITY  TEST  FOB  SOILS. 

Cameron  and  Bell  further  suggest  that  it  might  be  argued  from 
these  experiments  that  the  only  test  as  to  the  presence  of  an  acid  in 
a  soil  is  the  formation  of  an  acid  solution  when  extracted  with  water. 
It  is  true  that  this  is  the  only  satisfactory  criterion  which  suggests 
itself.  As  the  experiments  just  cited  show,  soUd  and  other  absorb- 
ent substances  can  and  do  absorb  acids,  some  more  than  others,  and 
it  is  quite  possible  that  an  absorbed  acid,  which  was  not  easily 
removed  from  a  soil  by  water,  might  be  removed  by  paper,  if  paper 
were  the  better  absorber  for  that  particular  acid.  It  is  well,  therefore, 
to  view  with  caution  the  prevalent  notions  as  to  the  wide  distribu- 
tion of  acid  soils  founded  on«a  very  uncertain  criterion,  and  especially 
in  view  of  the  fact  that  the  great  majority  of  soils  yield  aqueous 
extracts  which  on  heating  in  platinum  show  alkaline  reactions. 
Most  of  our  field  crops  can  withstand  a  fairly  high  concentration  of 
acid;  but  clover*  is  especially  sensitive,  being  inhibited  in  growth  by 
concentrations  less  than  twenty-thousandth  normal  (N/20,000). 
Yet  cases  have  been  observed  where  clover  was  found  growing  well 
in  soils  apparently  very  acid,  the  true  explanation  being  undoubt- 
edly that  the  supposed  estimation  of  acidity  was,  in  fact,  a  meas- 
urement of  the  absorptive  capacity  of  the  soil. 

Furthermore,  it  is  probably  fallacious  to  assume  that  the  acidity 
of  a  soil  can  be  estimated  by  adding  calcium  hydrate,  ammonia,  or 
other  alkalies  in  solution  until  the  soil  will  turn  red  litmus  paper  blue 
when  the  paper  is  brought  into  contact  with  the  soil,  since  it  has 
been  clearly  shown  that  most  soils  absorb  these  substances  much 
more  effectively  than  does  litmus  paper.  If  these  solutions  be  added 
to  the  soil  slowly  (for  absorption  is  not  an  instantaneous  process, 
but  requires  appreciable  time  to  attain  equiUbrium),  it  frequently 
is  astonishing  how  much  alkali  can  be  taken  up  before  an  alkaline  reac- 
tion can  be  detected  by  the  test  paper — a  fact  repeatedly  observed 
by  various  investigators,  but  the  significance  of  which  had  not  hitherto 
been  recognized. 

GENEBAL    STATEMENT    CONCEBNING    SELECTIVE    ABSOBPTION 

BY  SOILS. 

Regarding  the  degree  to  which  the  different  constituents  of  the 
soil  solution  are  absorbed,  several  generalizations  can  be  made; 
but  from  the  foregoing  data  and  discussion  it  will  be  evident  that 
each  soil  will  exert  its  own  peculiar  effect  in  retaining  soluble  matter, 
and  that,  while  we  may  seek  to  classify  a  fertilizer  as  adding  potas- 
sium or  nitrates  or  phosphates  to  the  soil,  the  form  or  sdU  in  which  the 
fertilizer  is  added  will  affect  its  absorption  by  soil. 

o Cameron  and  Breazeale,  Joiir.  Phys,  Chem.,  8,  1  (1904). 
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Of  the  basic  radicals,  potassium  is  most  strongly  bound  by  the  soil. 
If  a  soil  is  saturated  with  potassium,  then  one  may  replace  the  more 
recently  absorbed  potassium  by  other  bases  merely  by  treating  the 
soil  repeatedly  with  a  solution  of  another  solute,  for  the  potassium  is 
distributed  each  time  between  the  soil  and  solution,  and  of  course 
when  the  solution  is  removed  from  contact  with  the  soil  the  potassium 
is  withdrawn,  too,  and  can  exercise  no  further  effect  upon  the  equilib- 
rium. Meanwhile  the  soil  is  absorbing  the  base  or  bases  in  these 
solutions  applied  to  the  soil  to  remove  potassium.  In  effect  we  have 
replaced  potassium  by  another  base  or  bases;  but  it  by  no  means  fol- 
lows that  we  may  have  here  a  case  of  chemical  exchange  by  a  rear- 
rangement of  definite  compounds,  especially  as  the  replacement  need 
not  follow  the  chemical  equivalence  of  the  bases  involved.  This 
predominant  retention  of  potassiimi  by  soils  is  undoubtedly  the  main 
reason  why  potassium  is  so  little  in  evidence  among  the  soluble  salts 
of  alkali  soils — salts  which  have  come  up  through  the  lower  layers  of 
soil  and  finally  been  concentrated  near  the  surface,  sodium  and 
calcium  salts  passing  on  up  to  the  siuface,  and,  to  a  less  extent,  the 
magnesium  salts  also.  It  is  true  that  in  general  the  magnesium 
silicates  are  quite  readily  soluble  and  much  hydrolyzed  by  water,  but 
magnesium  is  absorbed  to  a  much  greater  extent  than  calcium  or 
sodium,  although  to  a  lesser  extent  than  potassium. 

ABSOBFTIOir  FKOM  YAEIOTJS  SOLYEirTS. 

PICBIC  ACID  IN  WATEB,  AI«COHOL,  AND  BENZENE. 

The  experiments  by  Walker  and  Appleyard*  on  absorption  by  silk 
have  shown  that  while  picric  acid  is  absorbed  by  silk  from  solutions  in 
water  and  alcohol,  yet  in  benzene  solution  there  was  no  absorption. 
The  nature  of  the  solvent  plays,  therefore,  an  important  r6le.  The 
relative  solubilities  of  picric  acid  in  the  three  solvents  do  not  throw 
any  light  on  the  absorptive  power  from  the  different  solvents,  for  the 
solubility  of  picric  acid  in  benzene  lies  between  the  solubility  in  water 
and  that  in  alcohol. 

DYES    IN     PETBOLEXJM,    BENZENE,    XYLENE,    CARBON    TETBA- 

CHIiOBIDE,  AND  CABBON  DISTJLPHIDE. 

Tsvett  ^  has  shown  that  many  dyes  dissolved  in  light  petroleum, 
benzene,  xylene,  carbon  tetrachloride,  or  carbon  disulphide  are  pre- 
cipitated by  powdered  substances,  from  which  they  may  be  extracted 
by  alcohol,  ether,  acetone,  or  chloroform.  There  is  further  an  adsorp- 
tion series  in  which  the  substances  can  replace  each  other  on  the 
absorbent.     When  a  mixed  solution,  as,  for  instance,  chlorophyll  dis- 

a  Jour.  Ohem.  Soc,  69, 1334  (1896). 

b  Chcm.  Centr.,  1906,  ii,  1286;  from  Bcr.  deutsch.  bot.  Ges.,  24,  384-393. 
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solved  in  carbon  disulphide,  is  filtered  through  a  column  of  precipi- 
tated calcium  carbonate,  the  dyes  are  precipitated,  but  mutually 
replace  each  other  and  arrange  themselves  according  to  the  adsorp- 
tion series  in  the  direction  of  the  stream.  If  any  zone  is  not  pure,  it 
can  be  extracted  and  the  adsorption  repeated  until  the  desired  degree 
of  purity  is  attained. 

MAGNITUDE  OF  ABSORPTION  IN  DIFFEBENT  SOLVENTS. 

Eosenthaler  and  Turk,"  in  studying  the  effect  of  the  solvent  upon 
the  degree  of  absorption,  found  that  it  is  greatest  from  aqueous  solu- 
tions. The  absorption  is  less  from  solutions  in  ethyl  alcohol,  methyl 
alcohol,  ethyl  acetate,  acetone,  and  chloroform,  in  the  order  named. 

Frexmdlich,  in  his  recent  paper  on  absorption,  has  compared  the 
absorption  for  a  number  of  different  solvents,  and  for  dilute  solution, 
it  appears  to  have  the  same  order  of  magnitude  in  all  of  the  different 
solvents;  but,  while  in  the  same  order  of  magnitude,  there  are  really 
differences,  which  become  more  pronounced  as  the  concentration 
increases,  and  are  widely  different  in  strong  solutions. 

DISTEIBITTIOH. 

The  earlier  investigators  appear  to  have  had  no  true  conception  of 
the  distribution  of  a  substance  between  the  liquid  and  solid  material. 
Salomon  *  agrees  with  Liebig  that  absorption  is  purely  physical  in 
nature,  but  does  not  consider  the  concentration  of  the  end  solution 
left  above  the  solid. 

Biedermann^  also  plots  as  abscissa  the  quanticy  of  soil  per  hundred 
parts  of  solution  and  as  ordinate  the  percentage  of  solute  absorbed 
from  solution.  This  is  a  very  useful  and  practical  method  of  repre- 
senting results,  but  fails  to  give  a  clear  idea  of  the  phenomena  of  dis- 
tribution, which  is  tacitly  assumed  in  Biedermann's  work. 

POTASSIXTM  BETWEEN  SOIL  AND   SOLTTTION. 

Peters's**  results  on  the  absorption  of  potassium  chloride  by  a  soil 
have  been  recalculated  in  Table  III  to  show  the  quantities  of  potassium, 
in  imit  quantities  of  a  solution  and  a  soil.  He  neglected,  however, 
the  chlorine;  but  it  is  altogether  likely  that  less  of  it  would  have  been 
foimd  absorbed  than  corresponds  with  the  absorbed  potassium.  It  is 
safe,  therefore,  to  assume  that  Peters's  analytical  data  give  a  repre- 
sentative distribution  curve  for  the  basic  radical  potassium  between 
a  soil  and  water.  To  bring  out  more  clearly  the  enormous  effect 
exercised  by  the  soil  in  withdrawing  soluble  material  from  solution, 
the  percentage  of  potassium  absorbed  by  the  soilfrom  solution  is 

oArch.  Pharm.,  244,  517  (1906).  cLandw.  Vere.-Stat.,  11,  1  (1869). 

&Landw.  Vere.-Stat.,  9, 361  (1867).  d Landw.  Vere.-Stat.,  2, 129  (1860). 
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given  for  each  concentration  in  the  accompanying  table.  It  will  be 
seen  that  this  absorptive  effect  is  nearly  twice  as  great  with  dilute 
solution  as  in  the  strongest  solution  used,  varying  from  94  per  cent  of 
the  total  potassium  present  in  the  dilute  solution  to  54.9  per  cent  for 
a  solution  20  times  stronger. 

Table  III. — I>ixtrihution  of  potasnium  betvneen  toil  and  mUiHon  o/  potajntiuvi  chioride, 

according  to  Petcrn. 
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Total      1 

Potassium 

Potassium 

potassium 

Potassium 

Potassium  potassium  | 
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per  liter  of 
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per  liter  of 

present 
al)Borl)ed 

soil. 

solution. 

soil. 

solution. 

by  soil. 

_ 

by  soil. 

Orams. 

Oram, 

Per  cent.  > 

Oramt. 

Orams. 

Per  cent. 

i.on 

0.0648 

94.0    ' 

1.390 

0.127 

91.6 

1.096 

.0628 

94.5 

1.453 

.203 

87.9 

1.168 

.0677 

8a2 

1.511 

.361 

80.7 

1.238 

.0797 

94.0 

1.579 

.679 

70.3 

1.328 

.080 

oas 

1.610 

1.310 

54.9 

CAIiCIUX  BETWEEN  SOIL  AND  SOLUTION. 

Peters  has  also  determined  the  quantity  of  calcium  extracted  from 
the  soil  by  the  same  solutions  which  were  being  studied  with  respect 
to  the  absorption  of  potassium.  He  found  that  calcium  is  distributed 
in  a  manner  nearly  analogous  to  potassium,  and  that  the  curve  for  the 
distribution  of  calcium  between  soil  and  water  has  apparently  the 
same  general  form  as  that  for  potassium.  This  observation  indicates 
that  the  absorption  of  two  solutes  may  proceed  almost  independently 
of  each  other,  at  least  when  the  concentrations  of  both  are  low. 

HYBROCHLOKIC  ACID  BETWEEN  CABBON  BLACE:  AND  SOLTTTION. 

When  carbon  black  is  shaken  with  an  aqueous  solution  of  hydro- 
chloric acid,  Kelberin**  found  that  there  is  a  perfectly  definite  distri- 
bution ratio;  the  results  could  be  duplicated  to  within  a  fraction  of 
1  per  cent. 

INCONSTANCY  OF  DISTBIBUTION  BATIO. 

Kroeker^  studied  the  relation  between  absorption  and  time  of  con- 
tact, quantity  of  carbon,  and  concentration  of  solution,  and  found 
that  the  distribution  ratio  between  carbon  and  solution  is  not  con- 
stant, but  that  relatively  more  is  absorbed  from  dilute  solutions  than 
from  strong.  Schmidt*^,  using  Van  Bemmelen's  data**  has  sought 
to  show  that  the  distribution  ratio  of  potassium  sulphate,  potassium 
nitrate,  potassium  chloride,  sulphuric  acid,  hydrochloric  acid,  and 

a  See  Ostwald,  Lehrbuch  der  allgemeine  Chemie  (1891),  p.  1096. 

6  Uber  die  Adsorption  geloster  KSrper  durch  Kohle,  Dis.,  Berlin  (1892). 

c  Zeit.  phys.  Chem.,  15, 56  (1894). 

dJouT.  prakt.  Chem.,  131,  324  (1881). 
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nitric  acid  was  constant.  This  result  has  been  contested  by  Van 
Bemmelen,^  who  points  out  that  the  distribution  ratio  of  a  substance 
between  solid  and  liquid  need  not  jiecessarily  be  constant  in  the  case 
of  equilibrium  between  solid  and  liquid  solutions. 

DISTBIBTTTION  FOBMTJIiAS. 

A  number  of  investigators*  have  advanced  formulas  to  express  the 
distribution  of  a  solute  between  a  solvent  and  an  absorbing  medium. 
These  expressions  have  been  generally  suggested  by  the  apparent 
analogy  to  the  distribution  of  the  solute  between  two  immiscible 
solvents,  for  which  two  general  equations  have  been  proposed. 

If  c  be  the  concentration  of  the  solute  in  one  solvent  and  c^  the  con- 
centration of  the  other,  then  when  there  is  no  association  of  solute  in 
either  solvent  the  distribution  is  described  by  the  formula  c/c^  =  K; 
but  if  there  be  association  of  solute  in  either  solvent,  the  formula 

becomes  —  =  K.     ^  is  a  constant  for  any  standard  conditions  of 

temperature. 

Ostwald^^has  proposed  this  same  form  of  equation  slightly  modified, 
1 
x/m^a  C^ ,  where  ar  is  the  total  mass  of  solute  absorbed  and  m  is 

the  mass  of  the  absorbent;  C  is  the  concentration  of  the  solution, 

and  p  and  a  are  constants. 

This  exponential  formula  has  been  foimd  to  hold  more  or  less  well 
for  a  number  of  cases  of  absorption,  of  which  a  few  will  be  cited. 
Thus  Schmidt  ^  found  it  held  for  the  absorption  of  iodine  and  several 
acids  by  charcoal,  but  it  did  not  hold  for  the  absorption  of  picric 
acid  by  cellulose  or  of  eosine  or  malachite  green  by  silk.  Kiister* 
found  such  a  relation  held  for  the  absorption  of  iodine  by  starch. 

Walker  and  Appleyard^  have  studied  a  case  of  imusual  interest. 
They  foimd  that  the  distribution  of  picric  acid  between  water  and 

or 

silk  was  described  by  the  formula  ^  >;  =  35.5,  where  8  represented 

concentration  of  the  dye  in  the  silk  and  W  the  concentration  in 
water.  This  would  indicate  that  at  the  concentration  studied  the 
molecule  of  picric  acid  in  the  water  solution  is  2.7  times  as  large  as 
that  represented  by  the  formula  CaH2(NOj)30H,  at  least;  but  this 


oZeit.  phys.  Chem.,  18,  331  (1895). 

&  Schmidt,  Zeit.  phys.  Chem.,  15,  60  (1894);  KOster,  Annalen,  288,  360  (1894); 
Walker  and  Appleyard,  Jour.  Chem.  Soc.,  GO,  1334  (1896);  Biltz,  Ber.  deutsch.  chem. 
Ges.,  87,  1766  (1900);  88,  2963,  2973,  4143  (1905);  Zachariaa,  Zeit.  phys.  Chem.,  80, 
468  (1901). 

c  Lehrbuch  der  Allgemeine  Chemie  II.  (2  Aufl.),  232. 

d  Zeit.  phys.  Chem.,  15.60  (1894). 

«  Annalen,  288,  360  (1894). 

/Jour.  Chem.  Soc,  80, 1334  (1896). 
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is  negatived  by  the  cryoscopic  measurements  of  the  osmotic  pressure 
and  of  the  conductivities  of  aqueous  solutions  of  picric  acid. 

Biltz*  has  studied  several  similar  cases.  An  especially  interest- 
ing one  is  the  absorption  of  alizarin  by  ferric  oxide,  the  distribution 
being  described  by  an  exponential  formula,  but  the  curve  repre- 
senting it  not  going  through  the  origin.  That  is,  the  concentra- 
tion of  the  solution  must  be  above  a  certain  value  before  any  absorp- 
tion on  the  solid  can  take  place.  Similar  cases,  as,  for  instance,  in 
the  absorption  of  phosphates  from  solution  by  soils,  have  been 
observed  in  this  laboratory. 

Freimdlich''  has  added  to  Ostwald's  equation  the  concept  that 
the  total  quantity  of  solute  present  in  the  system  has  an  effect  upon 
the  equiUbrium — ^though  the  explanation  for  this  is  not  yet  at  hand — 
and  his  empirical  equation,  derived  from  Ostwald's,  takes  the  form 

(     __     y  where  A.  is  a  constant,  V  is  the  volume  of  solution, 

m  the  mass  of  absorbent,  a  the  total  solute  in  the  system,  and  x  the 
total  quantity  of  solute  obsorbed.  Freimdlich  restricts  this  for- 
mula to  dilute  solutions  and  finds  that  it  does  not  hold  for  solutions 
which  conduct  electricity  well. 

Travers  "^  objects  to  Freundlich's  statement  that  adsorption  is  inde- 
pendent of  the  solid  adsorbent,  the  solute,  or  the  solvent  used,  and, 
in  addition,  makes  the  point  that  a  rigid  distinction  between  crystal- 
line solid  solutions  and  highly  viscous  liquid  solutions,  such  as  glass, 
should  be  made.  According  to  Travers,  many  cases  of  absorption 
which  Freundlich  would  class  as  purely  adsorption  effects  are  in  real- 
ity highly  viscous  liquid  solutions  formed  at  the  surface  of  the  adsorb- 
ing solid. 

Freundlich  **  in  his  answer  to  Travers  states  that  he  has  not  thought 
that  the  magnitude  of  the  adsorption  effect  is  independent  of  the  solid 
adsorbent,  the  solute,  and  the  solvent,  but  merely  that  the  same  solid 
adsorbs  different  solutes  from  solution  in  the  same  relative  quantities 
from  different  solvents. 

Travers  also  takes  exception  to  Freundlich's  statement  that  the 
magnitude  of  adsorption  is  independent  of  the  temperature.  Freund- 
lich admits  that,  broadly  speaking,  Travers's  criticism  is  justified. 
Freundlich  means  merely  to  indicate  that  the  temperature  effect  is  so 
slight  as  to  render  unnecessary  the  use  of  a  thermostat  in  the  measui'e- 
ments  made  bv  himself. 

aBer.  deutsch.  cliem.  Ges.,  87,  1766,  3138  (1904);  88,  2963,  2973,  4143  (1905). 
Nach.  K.  Ges.  Wiss.  Gottingen,  Math.-Phy8.  Klasse,  1,  1  (1904);  1, 1  (1905);  8,  1 
(1905),  with  Kurt  Utescher. 

b  Zeit.  phys.  Chem.,  57,  385  (1906). 

cZeit.  PhyB.  Chem.,  61,  241  (1907). 

dZeit.  Phys.  Chem.,  61,  249  (1907). 
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Hedin  ^  has  shown  that  charcoal  absorbs  trypsin  almost  completely 
from  dilute  solution,  and  as  the  concentration  of  trypsin  increases  the 
charcoal  gradually  becomes  saturated.  Arguing  from  Freundlich's  ^ 
treatment  of  adsorption,  Hedin  concludes  that  this  behavior  of  tryp- 
sin is  different  from  that  of  adsorbed  crystalloids,  in  that  the  trypsin 
shows  a  specific  attraction  for  the  charcoal,  the  first  portions  adsorbed 
being  so  strongly  bound  as  to  suggest  an  irreversible  process.  But  in 
reality  Hedin's  observation  with  trypsin  agrees  with  numerous  sys- 
tems where  the  adsorbed  solute  is  a  crystalloid.* 

BTTIiPHUBIC    AND    HYDBOCHLORIC    ACIDS    BETWEEN    TEXTII«ES 

AND  SOLTTTIONS. 

Vignon  and  MoUard  **  have  shown  the  distribution  of  sulphuric  and 

of  hydrochloric  acids  between  their  respective  aqueous  solutions  and 

the  textiles  imbleached  silk,  ungummed  silk  (soire  d6creus^),  cotton, 

and  linen.    They  find  that  cotton  does  not  absorb  these  acids,  but  silk 

and  linen  take  up  relatively  more  acid  from  dilute  than  from  concen- 

C 
trated  solution,  the  coefficient  of  distribution  ^'  increasing  greatly  as 

the  acids  are  diluted,  and  decreasing  slightly  with  rise  in  temperature. 
Equilibrium  is  established  within  one  hour  in  those  systems  where  the 
strength  of  acid  was  in  round  numbers  from  1  per  cent  to  0.1  per  cent. 
From  100  c.  c.  to  400  c.  c.  of  solution  was  maintained  in  contact  with  10 
grams  of  the  textile  absorbent.  This  research  establishes  the  fact  of 
distribution  in  these  systems,  but  the  data  is  insufficient  to  give  the 
function  ^  (C,)  =  C^,  even  approximately.* 

SALTS  BETWEEN  GELATINE  AND  SOLUTION. 

Bayliss^  has  foimd  that  the  curve  of  electrical  conductivity  of  suc- 
cessive distilled  water  extracts  of  gelatine  is  a  hyperbola.  It  is  therer 
fore  impossible  to  wash  out  all  the  electrolytes  except  by  an  infinite 

a  Hoppe-Seyler^s  Zeit.  physiol.  Ghem.,  5,  504  (1907);  see  also  Hedin,  Bio.-Chem. 
Jour.,  2.  Biltz,  Zeit.  phys.  Chem.,  47,  615  (1904);  Nernst,  Zeit.  Elektrochem.,  10, 
377  (1904);  Craw,  Zeit.  phys.  Chem.,  52,  569  (1905). 

&Zeit.  phys.  Chem.,  57,  385  (1906). 

c  FVeundlich's  restriction  of  the  validity  of  his  formula  to  dUXuU  solution  and  to 
solutes  which  do  not  yield  conducting  solutions  tacitly  admits  the  very  point  Hedin  is 
making,  i.  e.,  that  adsorption  is  a  specific  effect  which  depends  primarily  upon  the 
composition  of  the  adsorbent,  of  the  solute,  and  of  the  solvent.  The  lowering  or  raising 
of  the  surface  tension,  solid-liquidy  upon  which  FreundUch  bases  his  treatment,  is  con- 
trolled by  the  composition  of  the  solid  and  of  the  liquid  which  constitute  the  liquid- 
solid  surface. 

<<Bul.  Soc.  Chim.  (3),  86,  1304  (1906);  Compt.  rend.,  148,  550  (1906);  see  also 
Knecht,  Rawson,  L6wenthal,  Handbuch  der  Farbung  von  Spinnfassem. 

«  See  also  Vignon,  Bui.  Soc.  Chim.  (4),  1, 2, 273  (1907)  on  the  relation  of  the  electrical 
conductivity  of  the  dye  solution  to  its  efficiency  in  coloring. 

/Bio.-Chem.  Jour.,  1, 175  (1906). 
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number  of  changes  of  distilled  water,  each  change  removing  a  less  per- 
centage  than  the  previous  one;  in  other  words,  the  electrolytes  are 
present  in  an  absorbed  form.  When  the  gelatine  is  washed  nearly  free 
from  such  admixtures  and  is  placed  in  solutions  of  electrolytes,  it 
again  absorbs  them,  and  so  the  conductivity  of  the  solution  is  dimin- 
ished. But  it  must  not  be  taken  as  established  that  an  absorbed 
solute  is  unable  to  contribute  to  the  electrical  conductivity  of  the  sys- 
tem in  which  it  exists.  It  has  been  shown  by  Patten  ^  that  soil  grains 
which  have  absorbed  alkali  carbonates,  when  in  aqueous  suspension, 
add  very  greatly  to  the  electrical  conductivity,  and  when  removed  by 
centrifuging  take  with  them  the  adsorbed  or  absorbed  material,  leav- 
ing the  supernatant  solution  lower  in  conductivity  than  before.  Simi- 
larly soils  made  up  to  paste  with  water  or  salt  solution  show  an  elec- 
trical conductivity  due  in  part  to  salt  which  is  adsorbed  (or  absorbed) 
and  is  very  resistant  to  removal  by  leaching.* 

FBBBIC  GHIiOBIDE  BETWEBK  FEBBIO  HYDBOXIDB  AND  SOLUTIOK. 

Duclaux*'  opposes  the  contention  of  Nicolardot  and  Wyrouboff 

that  the  formation  of  a  compoimd  FcjCOH).  ^50  ^^^^  limits   the 

possibility  of  removing  chloride  from  colloidal  ferric  hydroxide. 
Duclaux  has  obtained  by  dialysis  a  ferric  hydroxide  containing  less 
than  one-third  of  the  amount  of  chloride  implied  by  the  above 
formula,  and  sees  no  reason  why  the  removal  of  chloride  should  not 
be  carried  fiu-ther. 

DBVINITIONS. 
MAXIMUM   ABSORPTIVE   CAPACITY. 

The  maximum  amoimt  of  a  solute  which  an  absorbent  may  remove 
from  solution  is,  under  any  standard  conditions  of  temperature,  a 
perfectly  definite  quantity,  characteristic  of  the  absorbent,  and  is  a 
measure  of  what  may  be  defined  as  the  "maximum  absorptive  capac- 
ity'' of  an  absorbent.  This  maximum  amoimt  of  solute  can  not, 
however,  be  absorbed  from  a  solution  of  any  concentration  whatever, 
as  is  shown  by  equilibrium  experiments,''  but  only  from  a  solution 
which  is  saturated  with  respect  to  the  solute  and  at  the  same  time  in 
equilibrium  with  the  absorbent.  Practically  this  case  could  only  be 
realized  when  some  of  the  solute  is  present  as  a  solid  phase,  and  such 
a  system  has  generally  but  little  interest,  owing  to  the  difficulty  of 

aElectrochein.  and  Met.  Ind.  5,  257  (1907). 

b  Whitney  and  Means,  Division  of  Soils,  U.  S.  Dept.  Agr.,  Bui.  8,  1897. 

c  Compt.  rend.  143,  296  (1906). 

d  Cameron  and  Bell,  Bui.  No.  30,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  1905;  Schreiner 
and  Failyer,  Bui.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  1906;  Patten,  Trans. 
Am.  Electrochem.  Soc,  10,  67  (1906). 
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distinguishing  between  the  absorbed  and  nonabsorbed  solid.  It  is, 
therefore,  more  convenient  to  estimate  the  maximum  absorptive 
capacity  of  an  absorbent  by  extrapolating  from  data  obtained  with 
solutions  somewhat  below  saturation. 

SPECIFIC    ABSORPTIVE    CAPACITY. 

From  a  solution  containing  less  solute  than  is  required  to  saturate 
it  an  absorbent  can  remove  a  quantity  less  than  that  which  measures 
its  maximum  absorptive  capacity,  but  a  quantity  which  is  neverthe- 
less perfectly  definite  for  any  given  concentration  of  solution.  This 
quantity  may  be  defined  as  the  specific  absorption  with  respect  to 
that  particular  solution. 

Thus  a  solution  of  potassium  chloride  containing  500  parts  per 
million  of  potassium  chloride  when  brought  into  contact  with  a  soil 
will  lose  potassium  chloride,  as  the  soil  absorbs  it,  at  a  speed  which 
gradually  decreases  till  the  salt  reaches  a  final  distribution  between 
soil  and  solution.  The  weight  of  potassium  chloride  absorbed  at  a 
given  temperature  by  1  gram  of  soil  represents  the  specific  absorptive 
capacity  of  the  soil  for  that  particular  salt  at  that  particular  concen- 
tration of  the  salt.  This  concentration  is  not  the  original  concentra- 
tion of  solution — ^500  parts  per  million  of  potassium  chloride — but  is 
the  final  concentration  reached  after  the  absorption  has  been  com- 
pleted. If  by  a  slight  alteration  of  other  conditions,  such  as  tempera- 
ture, the  soil  absorbs  temporarily  more  salt  than  when  the  chosen 
temperature  is  again  reached,  the  solution  will  remove  the  excess  of 
absorbed  salt  from  the  soil  and  reduce  the  quantity  of  potassium 
chloride  remaining  in  the  soil  to  its  absorptive  capacity  for  the  original 
conditions.     In  other  words,  absorption  is  a  reversible  phenomenon. 

OSNTIAN  VIOLET  DYE  BETWEEN  SOIL  AND  SOLUTION. 

It  is  significant  that  those  substances  which  are  prominent  as 
fertilizer  constituents,  namely,  potassium,  calcium,  ammonia,  phos- 
phoric acid,  and  proteid  organic  matter,  are  substances  which  are 
markedly  absorbed  by  soils.  From  the  increasing  knowledge  of  the 
effect  of  adsorbing  surfaces  upon  the  chemical  reactions  which  might 
ordinarily  be  e?:pected  to  take  place  among  these  various  soil  constitu- 
ents, it  is  evident  that  such  reactions  may  be  and  probably  are  very 
much  modified  when  they  take  place  in  the  presence  of  the  adsorbing 
surfaces.  In  studying  the  distribution  of  an  added  solute  between 
a  soil  and  water  there  is  difficulty  in  obtaining  complete  data  when 
the  soil  already  contains  the  solute  in-  question.  There  is  no  method 
of  determining  absolutely  the  quantity  of  any  soluble  material  in 
a  soil  which  has  already  been  absorbed  on  the  soil  grains,  and. even 
though  the  amount  of  solute  present  in  the  water  added  to  the  soil 
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be  measured  exactly,  the  total  amount  present  as  absorbed  material 
can  not  be  ascertained.  ^  .- 

To  determine  the  character  of  this  distribution  more  •  i^eadily, 
water-soluble  bodies  have  been  used  which  are  not  contained  in  the 
soil  naturally,  and  which  are  not  appreciably  changed  by  iMntact 
with  the  soil.  Thus  there  are  known  the  quantities  of  solute;^f  the 
soil,  and  of  the  water,  and  by  varying  the  weight  of  solute  a  series 
of  systems  in  equilibrium  are  obtained  and  the  distribution  of  solute 
between  water  and  soil  can  be  examined  quantitatively.  When  the  . 
character  of  the  distribution  is  thus  determined,  a  criterion  is  obtained 
for  comparison  with  the  less  exact  data  of  the  distribution  observed 
with  soluble  bodies  which  commonly  exist  in  the  soil,  such  as  potas- 
sium salts,  nitrates,  phosphates,  or  water-soluble  organic  matter. 
Similar  equilibrium  experiments  were  made  using  fine  quartz  flour 
instead  of  soil  to  eliminate  the  effect  of  (1)  the  soluble  material 
already  present  in  the  soil  and  (2)  of  the  organic  matter  in  the  soil, 
which  latter  exerts  so  large  an  absorbing  effect  upon  the  solute  as  to 
mask  the  distribution  of  this  solute  between  the  mineral  components 
of  the  soil  and  the  solution. 

The  dye  gentian  violet  has  been  found  particularly  well  adapted 
to  studying  distribution,  because  it  is  changed  very  slightly,  if  at  all, 
by  contact  with  the  soils  used  or  with  quartz  flour,  and  because  it 
can  be  readily  estimated  colorimetrically  to  within  a  fraction  of  a  part 
in  a  million  of  solution.  It  is  a  basic  dye  (gentianin),  represented 
by  the  formula  (CH5)jN.CeH3:SCl.N:C,H,.NH8,  and  is  analogous  in 
that  respect  to  ammonia  bases  in  general  and  to  some  fermented 
manures.  The  sample  of  gentian  violet  used  gave  characteristic 
reactions,  viz:  (1)  Dilute  aqueous  acids,  as  hydrochloric  or  nitric 
acids,  turn  the  aqueous  dye  from  a  violet  to  green;  (2)  concen- 
trated sulphuric  acid  dissolves  the  dye,  forming  a  yellowish-green 
solution,  and  (3)  aqueous  sodium  hydroxide  gives  a  violet  color. 
The  solubility  of  gentian  violet  in  water  at  25®  C.  was  found  to  be 
6.81  per  cent  of  solution  by  weight.  The  experiments  were  carried 
out  at  room  temperature  which  varied  but  little  from  25**  C. 

One  hundred  gram  portions  of  each  soil  were  placed  in  strong 
glass  bottles  of  some  225  c.  c.  capacity,  with  150  c.  c.  of  dye  solution, 
agitated  in  a  shaker  for  several  days,  placed  in  a  centrifuge  and 
whirled  for  several  hours,  and  a  small  portion  of  the  liquid  withdrawn 
from  each  and  the  dye  content  estimated  colorimetrically.  The 
bottles  were  then  replaced  in  the  shaker,  again  centrifuged,  and 
the  dye  in  solution  again  determined.  This  was  repeated  till  eqxxilib- 
rium  had  been  reached,  which  usually  required  about  a  week's  time. 

By  a  separate  experiment  it  was  found  that  100  grams  Marshall 
silt  loam  absorb  4  c.c.  of  water  from  a  saturated  atmosphere  at  29^  C. 
This  was  taken  as  representing  the  volume  of  water  which  is  extracted 
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from  the  solution  when  brought  into  contact  with  this  soil.  So,  in 
effect,  the  volume  of  solution  for  which  the  concentration  of  dye  is 
determ^u^  is  not  150  c.c. — the  volume  of  liquid  added — but  146  c.c. 
Siinil8i^^.400  grams  Hagerstown  loam  absorbs  4.5  c.c.  of  water  from 
a  satur^^fld  atmosphere  at  29^  C,  and  accordingly  this  value  was 
used  in^pbiilating  the  concentration  of  the  solutions  after  absorption. 
The  quiatw  flour  used  absorbed  0.8  c.c.  water  under  the  same  con- 
ditions; but  as  this  correction  affects  the  distribution  curve  by  less 
than  1  per  cent,  it  is  neglected. 

Table  IV  gives  the  experimental  data  for  the  distribution  of  gen- 
tian violet  between  soil  and  water.  The  first  column  shows  the  total 
quantity  of  dye  added;  the  weight  of  dye  withdrawn  from  solution 
per  kilo  of  soil  is  shown  in  the  second  column  for  Marshall  silt  loam,  a 
representative  fertile  soil,  and  the  grams  of  dye  remaining  in  a 
liter  of  solution  in  the  third  column.  The  distribution  for  Hagers- 
town loam,  another  fertile  soil,  is  given  similarly  in  the  fourth  and 
fifth  columns,  and  for  fine  quartz  flour  in  the  sixth  and  seventh 
columns. 

Table  IV. — The  distribution  of  gentian  violet  between  ioils  and  solution. 

[100  grams  soil  and  150  c.c.  solution.] 


Dye  added. 

Distiibittlon. 

Mkrshall  sUt  loam. 

Hagerstown  loam. 

Quarts  flour. 

Dye  per 
kUo  sou. 

Dye  per 
liter  solu- 
tion. 

Dye  per 
UlosoU. 

(Tramt. 

Dye  per 
liter  solu- 
tion. 

Chranu. 

Dye  per 
kilo  soil. 

Dye  per 
liter  solu- 
tion. 

Oranu. 
0.005 
.015 
.075 
.100 
.200 
.300 
.40 
.50 
.70 
1.00 
1.50 
2.00 
2.50 

aoo 

8.20 
4.00 

Cfranu, 

Oranu. 

Orams. 
0.06 

Orams. 
Trace. 

.14      !       0.0001 
.743             .0040 
.984              .0106 
1.901              .066 

1.  VvoO 

0.00023 

3.00 

Trace. 

2.66 
2.89 
2.95 
2.97 
2.93 

.  .224 

.740 

1.370 

2.668 

4.710 

3.  v9Ud 
4.9906 

.00140 
.00250 

4.85 

0.0001 

0.999 

.00063 

9.9825 
14.95 
19.817 

.0120 
.0325 
.1250 

19.90 
24.97 
29.91 
31.89 
37.00 

.006 
.020 
.000 
.070 
2.050 

2.90 

• 

14.75 

20.45 

6u525 

2a  25 

13.500 

When  the  concentration  of  the  dye  left  in  solution  is  taken  as 
abscissa  and  the  concentration  in  soil  as  ordinate,  curves  resembling 
the  parabola  are  obtained.  By  extrapolating  these  curves  the 
maximum  absorptive  capacity  of  the  soil  for  gentian  violet  may  be 
found :  Marshall  silt  loam,  38.  grams  dye  per  kilo  of  soil ;  Hagerstown 
loam,  20.45  grams  dye  per  kilo;  quartz  flour,  2.97  grams  dye  per 
kilo.  The  absorption  capacities  are  in  the  ratio  113:  61 :  l,and  show 
that  each  soil  has  its  own  absorptive  capacity.  The  soil  grain  area 
of  Marshall  silt  loam  is  very  nearly  the  same  as  that  of  Hagerstown 
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loam  when  calculated  on  the  basis  of  their  mechanical  analysis,  and 
yet  the  Marshall  soil  absorbs  nearly  twice  the  quantity  of  dye  taken 
up  by  the  Hagerstown  soil.  Again,  both  of  these  soils  have  an  area 
presented  by  their  grains  nearly  twice  as  great  as  the  surface  offered 
by  the  same  weight  of  the  quartz  flour  used,  and  yet  the  quartz  has 
by  no  means  half  the  absorptive  capacity  of  either  of  the  soils.  The 
presence  of  organic  matter  is  undoubtedly  a  very  important  factor 
in  determining  the  magnitude  of  the  absorption;  but  this  absorption 
of  dye  by  quartz  shows  that  the  mineral  constituents  of  a  soil,  as 
well  as  the  organic  matter  it  contains,  enter  in  to  determine  its 
absorptive  capacity.  It  is  certain,  moreover,  that  mineral  con- 
stituents other  than  gelatinized  products  of  hydrolysis  are  capable 
of  absorbing  soluble  bodies  from  the  soil  solution  to  a  marked  extent. 
Considering  the  concentrations  of  dye  when  the  soil  has  nearly 
reached  its  maximum  absorptive  capacity,  it  will  be  seen  in  Table  IV 
that  Marshall  silt  loam  abstracted  from  solution  92.5  per  cent  of  the 
total  dye  added;  the  Hagerstown  loam,  51.1  per  cent;  and  the  quartz 
flour,  59  per  cent.  At  lower  concentrations  of  dye  in  solution  the 
soils  absorbed  relatively  more  dye,  and  although  the  dye  is  truly 
distributed  between  soil  and  solution  the  soil  holds  so  large  a  portion 
of  dye  that  for  practical  purposes  the  dye  is  all  absorbed.  Thus  for 
0.5  gram  dye  added  the  Marshall  silt  loam  absorbed  97  per  cent;  the 
Hagerstown  loam,  99.99  per  cent;  and  the  quartz  flour,  59  per  cent 
of  the  dye.  When  only  0.075  gram  dye  is  added,  the  quartz  flour 
absorbs  99  per  cent,  leaving  only  1  per  cent  in  solution.  Conse- 
quently it  is  clear  that  absorption  experiments  carried  on  over  a 
Umited  range  of  concentrations  may  lead  to  false  conclusions  regarding 
the  distribution.  These  experiments  further  emphasize  the  fact 
that  a  soil  may  hold  a  relatively  large  quantity  of  water-soluble 
material  even  in  contact  with  a  very  dilute  aqueous  solution. 

EOSINE  DYE  BETWEEN  QUARTZ  FLOX7B  AND  SOLUTION. 

Table  V  gives  the  data  for  the  distribution  of  sodium  eosine  between 
quartz  flour  and  water.  Here  the  absorptive  capacity  of  the  quartz 
for  eosine  does  not  tend  to  a  limiting  value — at  these  concentrations — 
as  it  does  for  gentian  violet,  but  the  absorption  of  eosine  is  nearly 
proportional  to  the  quantity  of  eosine  in  solution,  the  distribution 
curve  being  not  quite  a  straight  line.  Examples  of  linear  distribution 
are  known.  For  instance,  Gaubert"  observed  it  for  the  absorption 
of  methylene  blue  by  crystals  of  phthalic  acid  deposited  from  isolution 
in  the  dye  when  the  solution  is  cooled,  and  for  the  absorption  of  the 
same  dye  by  crystals  of  nitrate  of  urea.  And  Van  Bemmelen'^  has 
given  an  interesting  case  in  the  absorption  of  potassium  chloride  by 
stannic  oxide. 


a  Compt.  rend.,  142,  93(1  (190()).  ^  Zeit.  anorg.  Chem.,  28, 113  (1900), 
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Tablb  v. — Distribution  of  eonne  between  qvarlz  flour  and  solution, 

{50  grams  quartz  and  75  c.  c.  solution.] 


Dye  added. 

Oram. 

a00242 
.0075 
.0248 

Distribution. 

Distribution. 

Dye  ab- 
sorbed per 
kilo  quarts. 

Dye  per 

liter  of  so- 1 

lution. 

Dye  added. 

Oram. 
0.075 
.75 

Dye  ab- 
sorbed per 
kilo  quarts. 

Qram9, 
0.348 
4.2 

Dye  per 
liter  of  so- 
lution. 

Oram. 
0.009 
.0135 
.085 

Oram, 
a087 
.001    ' 
.274 

Orami. 
0.768 
7.200 

MANXmB  BXT&ACT  BBTWBBN  SOIL  AND  SOLTTTIOK. 

To  study  the  absorption  of  the  soluble  organic  bodies  in  manures, 
several  concentrations  of  a  well  fermented  and  matured  extract  were 
allowed  to  stand  in  contact  with  soils,  with  frequent  shaking,  for 
two  weeks  at  room  temperature,  25°  C.  Then  the  supernatant  liquid 
was  poured  off,  centrifuged,  evaporated  to  dryness  in  a  steam  bath, 
then  in  a  water  oven,  and  weighed ;  ignited,  weighed,  and  the  organic 
matter  gotten  by  difference.  The  quantity  of  organic  matter  in  the 
original  manure-extract  solution  was  determined  similarly. 

Table  VI. — DistribiUion  of  manure  extract  between  soil  and  solution, 

[500  grams  soil  and  2,000  e.  c.  solution.] 


Organic 

matter 

in  added 

extract. 


Grama. 
0.2940 
.5880 
1.176 
2.350 


Hagerstown  loam. 


Oiganfc 

matter 

absorbed 

per  kilo 

■oU. 


Orama. 
0.066 

MA 
.OQO 

.721 
1.180 


Ofganic 

matter 

perUter 

solution. 


Oram. 

0.133 

.203 

.403 

.880 


Marshall  silt  loam. 


Oigank; 

matter 

absorbed 

per  kilo 

sou. 


Oigank; 

matter 

per  liter 

solution. 


Oram. 


Oram. 


-0.109 
.354 
.885 


0.321 
.600 
.954 


Norfolk  sand. 


Oi^ank: 

matter 

absorbed 

per  kilo 

soil. 


Oram. 

-0.129 

-  .100 

.077 

.440 


Organte 

matter 

per  titer 

solution. 


OramM. 

0.1792 

.3192 

.5687 

1.0650 


Table  VI  contains  data  for  Hagerstown  loam,  Marshall  silt  loam, 
and  Norfolk  sand.  A  correction  for  the  volume  of  water  absorbed 
on  the  soil  grains  was  rejected  here,  as  it  amounts  to  less  than  1  per 
cent,  and  the  data  serve  to  show  the  general  trend  of  the  distribution. 
As  there  is  some  organic  matter  already  present  in  the  soil,  the 
absorption  appears  negative  for  low  concentrations  of  manure 
extract,  since  the  organic  matter  comes  out  of  the  soil  and  increases 
the  total  quantity  present  in  solution.  For  Hagerstown  loam  the 
maximum  absorptive  capacity  was  found  by  extrapolation  of  the 
distribution  curve  to  be  approximately  1,700  parts  per  million.  This 
means  that  with  very  great  concentration  of  manure  in  solution  1 
kilo  of  this  soil  would  absorb  1.7  grams  of  soluble  manure  from  the 
extract  and  no  more.    The  datc^  dp^  not  admit  of  calculating  the 
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maximum  absorptive  capacity  for  the  other  two  soils,  but  a  com- 
parison of  the  soils  on  the  basis  of  the  highest  quantity  of  manure 
absorbed  by  each  gives  a  ratio  of  2.7:2:1,  in  the  order:  Hagerstown 
loam,  Marshall  silt  loam,  and  Norfolk  sand.  Here  the  order  of  the 
absorptive  capacity  is  the  reverse  of  that  found  for  gentian  violet  as 
shown  in  Table  IV,  where  Marshall  silt  loam  had  nearly  twice  the 
absorptive  power  found  for  the  Hagerstown  loam. 

RELATION  OF  DISTBIBTmON  TO  THE  USE  OF  FEBTIUZEBS. 

This  series  of  experiments  is  important  in  showing  that  absorption 
is  dependent  as  much  on  the  nature  of  the  solute  as  on  that  of  the 
absorbent.  It  further  indicates  the  probable  futility  of  attempting 
to  select  empirically  a  dye  with  which  quantitative  measurements 
might  be  made  to  determine  the  absorptive  power  of  a  soil  for  manures 
or  fertilizers,  or  to  determine  its  relative  crop-producing  power. 

The  experiments  with  gentian  violet,  together  with  those  using 
manure,  in  Tables  IV  and  VI,  show  that  when  fertilizers  are  applied 
to  a  soil  relatively  less  and  less  soluble  matter  is  absorbed  from  the 
fertilizer  as  more  and  more  fertilizer  is  added  to  the  same  area.  But 
on  any  given  tract  the  percentage  of  fertilizer  absorbed  is  greatest 
where  the  least  fertilizer  is  used. 

The  usual  application  of  fertilizers,  however,  does  not  raise  the 
concentration  of  the  soil  solution  appreciably.  This  is  due  to  the 
fact  that  soils  in  the  field  can  still  absorb  far  more  of  the  fertilizer 
constituents,  and  the  conditions  are  represented  by  the  steep  portion 
of  a  distribution  curve,  in  which  region  the  soil  absorbs  large  quanti- 
ties of  soluble  material,  leaving  the  solution  very  little  different  from 
the  original  soil  solution. 

Several  of  the  cases  given  above  for  the  distribution  of  a  solute 
between  water  and  soil  can  be  represented  by  straight  lines,  that 
is,  they  can  be  described  by  a  linear  function  of  the  form  ClC^^K. 
In  what  appears  to  be  the  more  general  type  of  distribution,  how- 
ever, the  data  do  not  accord  well  with  the  equation  O^ICy==^K^ 
but  with  equations  of  a  more  complex  form;  in  fact,  for  some  dis- 
tribution curves,  when  the  logarithms  of  C  and  (7^  are  taken  and 
plotted,  a  curved  line  results,  showing  that  no  exponential  equation 
describes  this  particular  distribution  curve.  As  these  complex 
equations  have  no  special  significance  and  are  purely  empirical,  they 
are  not  given  here.  One  reason  for  these  deviations  from  the  sim- 
pler forms  of  the  distribution  equation  was  apparent  in  the  marked 
changes  in  the  state  of  aggregation  or  *'flocculation"*  of  the  soil 
particles  induced  by  different  concentrations  of  the  solute  in  the 
aqueous  solutions.     In  the  absorption  of  eosine  by  quartz,  where 

o  Patten,  Trans.  Am.  Electrochem.  Soc.  10, 67  (1906.) 
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the  distribution  was  nearly  linear,  there  was  no  flocculation  of  the 
absorbing  grains  which  could  be  observed;  but  the  same  quartz 
flour  was  flocculated  when  absorbing  gentian  violet,  and  very  differ- 
ently at  different  concentrations  of  dye.  Moreover,  the  extent  of 
the  flocculation  with  increasing  amount  of  dye  went  through  a 
maximum,  so  that  no  simple  formula  could  be  expected  to  hold  for 
the  distribution  curve.  The  soils  studied  showed  similar  floccula- 
tion phenomena.  The  foregoing  data  and  considerations  lead  to 
the  following  conclusions: 

(1)  The  distribution  of  solute  between  solvent  and  absorbent 
presents  in  general  the  same  characteristics  with  soils  as  with  other 
absorbents. 

(2)  For  any  series  of  soils  or  other  absorbents  the  order  of  the 
absorptive  capacities  for  one  solute  may  be  entirely  different  from 
the  order  for  another  solute. 

(3)  With  one  and  the  same  soil  or  other  absorbent  the  distribution 
function  may  be  linear  for  one  solute  and  asymptotic  for  another. 

(4)  Generally  when  soils  are  the  absorbents  the  change  of  surface 
or  "flocculation"  introduces  a  modifying  factor  and  the  form  of 
the  distribution  equation  is  rendered  more  complex. 

EFFECT  OF  TEMFEBATTTBE  UPON  DISTBIBTJTION. 

Biedermann  **  studied  the  effect  of  temperature  upon  absorption 
from  solution.  His  results  are  not  concordant,  but  are  nevertheless 
what  might  have  been  expected  when  the  effect  of  temperature 
upon  humus  and  upon  the  various  soil  constituents,  such  as  calcium 
carbonate,  are  considered.  In  general,  for  phosphates,  the  higher 
the  temperature,  up  to  100°  C,  the  greater  the  absorption,  and 
after  boiling  for  fifteen  minutes  still  more  solute  was  fixed  by  the 
soil.  There  are  exceptions  to  this  rule,  where  the  absorption  is 
less  at  higher  temperatures;  for  potassium  the  absorption  decreased 
with  rise  in  temperature  for  five  out  of  nine  soils. 

Bayliss*  has  further  shown  that  the  rate  at  which  Congo-red  is 
taken  up  by  paper  is  accelerated  by  rise  of  temperature,  but  the  total 
amount  taken  up  when  equilibrium  is  reached  is  less  the  higher  the  tem- 
perature; the  temperature  coefficient  of  the  reaction  velocity  is  very 
low,  so  that  Nemst's  theory  as  to  the  part  taken  by  diffusion  in  heter- 
ogeneous reactions  seems  to  apply  to  adsorption.  At  low  tempera- 
tures, equilibrium  is  attained  slowly;  at  room  temperature,  twenty- 
four  hours  is  necessary.  The  adsorption  complex  of  gelatine  and 
inorganic  electrolytes  is  also  dissociated  as  the  temperature  rises, 
and  no  evidence  of  heat  production  in  adsorption  is  obtained.  The 
reaction  between  Congo-red  and  paper  is  reversible;  so  also  is  that 

a  Landw.  Vere.-Stat.,  11,  1  (1869).  i>Biochem.  Jour.,  1,  175  (1906). 

35673— Bull.  52—08 4 
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between  gelatine  and  electrolytes.  It  is,  however,  noticed  that  rais- 
ing the  temperature  rapidly  to  100®  C.  tends  to  fix  Congo-red  in 
paper. 

Draper  and  Wilson^  have  shown*  that  "bleu  de  nuit"  may  be 
absorbed  by  silk  in  two  different  manners,  depending  upon  the  tem- 
perature at  which  the  dyeing  takes  place.  Above  40°  the  dyed 
fabrics  are  much  more  resistant;  at  15**  the  dyed  fabrics  *'fade  out*' 
by  a  treatment  with  **soap  solution"  or  with  alcohol.  When  the 
temperature  of  the  bath  is  raised,  a  part  of  the  dye  is  fixed  more 
firmly.  These  experiments  have  been  extended  to  acid  dyes.  The 
«ilk  dyed  with  anthracene  red,  acid  3B,  employing  0.25  per  cent  of 
the  dye  in  a  solution  of  acetic  acid,  0.2  per  cent,  offered  a  resistance 
to  *'soap  solution"  greater  according  to  the  temperature.  If  one 
makes  the  treatment  with  a  solution  of  1  per  cent  of  neutral  soap 
solution  heated  to  55*^  C.  and  allows  an  immersion  of  thirty  minutes, 
the  following  results  are  obtained : 

Table  VII. — Effect  of  temperaiwre  upon  absorption  according  to  Draper  and  WiUon. 


Tempera- 
ture of 
the  bath. 

Dye  re- 
maining 
upon  the 
ab8orl)ent. 

Tempera- 
ture of 
the  bath. 

Dye  re- 
maining 
upon  the 
absorbent. 

IS.  5 

40 

GO 

Percent. 
0.UU2 
.01 
.11 

•C. 
75 

Per  cent. 
0.13 
.18 

BATE  OF  ABSORPTIOlf . 

FOBMULA  EXPBBSSXNG  BATE  OF  ABSOBPTION. 

The  simplest  assumption  that  can  be  made 'is  that  the  rate  of 
absorption  is  proportional  to  the  quantity  of  solute  which  the  absorb- 
ent may  yet  take  up;  Ihat  is,  to  the  difference  between  the  specific 
absorptive  capacity  as  defined  on  page  43  in  this  bulletin  and  the 
amoimt  of  solute  already  taken  up.  If  in  time  t,  the  absorbent  has 
taken  up  the  amount  of  solute,  y,  while  its  specific  absorptive  capacity 
for  a  solution  of  that  particular  concentration  is  A,  then  the  above 
assumption  can  be  formulated  thus: 

where  K  is  the  constant  of  proportionality  for  the  particular  absorb- 
ent and  solution  under  standard  conditions.  In  the  following  para- 
graphs a  few  typical  cases  will  be  described  for  various  absorbents, 
including  soils. 

a  Jour.  Soc.  Chem.  ind.,  26,  667  (1907). 
ft  Jour.  Soc.  Dyers  and  Colorists,  22,  No.  9. 
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In  testing  this  rate  equation  with  the  observed  data,  it  will  be 
more  convenient  to  use  the  integrated  form,  namely, 

logU-y)-fi  =  log^ 

which  is  a  linear  function  with  respect  to  log  {A  —y)  and  t.  Since  no 
special  significance  attaches  to  the  constant  K,  Briggsian  logarithms 
may  be  used  for  convenience.  From  inspection  of  this  integrated 
equation  it  is  evident  that  when  the  values  log  (-4— y)  are  plotted 
against  t  a  straight  line  results  if  the  original  differential  equation, 

-g=  K^A—y),  correctly  describes  the  rate  of  absorption. 

EXFBBIXBNTAIi  TESTS  OF  FOBMUUL. 
RATE   OF  ABSORPTION  OF  POTASSIUM   BY   A   SOIL. 

Peters  ^  has  determined  the  rate  at  which  a  soil  absorbs  potassium 
from  an  aqueous  solution  of  potassium  chloride.  He  does  not 
give  the  temperature,  but  states  that  the  experiments  were  carried 
out  at  Tharand  in  the  summer  of  1860  at  room  temperature.  His 
results  are  given  in  Table  VIII,  where  t  represents  the  time  in  hours; 
y,  the  grams  potassium  oxide  absorbed  by  100  grams  of  soil;  and  log 
{A  —  y),  the  value  calculated  from -4,  0.2168 — the  specific  absorptive 
capacity  of  the  soil  for  the  end  concentration  of  solution — less  the 
value  of  y  at  each  time  given  in  the  table  under  t. 

When  log  (-4— y)  is  plotted  against  f,  the  graph  is  not  a  straight 
line;  and,  in  addition,  log  A  as  estimated  by  extrapolating  the  curve 
is  less  than  the  value  of  log  A  as  found  by  experiment.     Consequently 

it  follows  that  the  formula  ^=  K{A—y)  does  not  describe  the  actual 
rate  of  absorption  observed  by  Peters. 

Table  VIII. — Rale  of  absorption  of  potassium  oxide  by  a  soU,  according  to  C.  Peters. 

[100  grams  soil  and  250  c.  c.  of  0.05  /N  potasalum  chloride  solution.] 


Time. 

KgOab- 
sorbod-=y. 

Log(A-y). 

1 

Time. 

KgOab- 
8orbod«-y. 

LogiA-y). 

Hour  8. 
0.25 
2 

4 

Oram. 
0. 1417 
.1671 
.1000 

2.814 
2.776 
2. 670 

1     Hours. 

8 

24 

48 

1 

Oram. 

0.1860 
.1990 
.2168 

1.499 
2.251 

BATE   OF   ABSORPTION   OF   OXALIC    ACID    BY   ANIMAL   CHABCOAL. 

Lagergren''  has  determined   the  rate   at  which   animal  charcoal 
absorbs  oxalic  acid,  and,  using  the  reaction  velocity  equation  of  the 

first  order  ^r  =  K  (A—y)  ^he  has  calculated  a  series  of  values  of  y ,  which 

flLandw.  Vere.-Stat.,  2, 127  (1860). 

6Bihang  K.  Sv.  Vet.  Akad.  Handl.,  Band  24,  Afd.  II,  No.  4,  ii  (1899). 
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are  given  together  with  those  for  t  and  y  in  Table  IX.  A  is  taken  as 
the  *  maximum  quantity  of  oxalic  acid  absorbed.  His  calculated 
values  do  not  agree  with  the  experimental  values  of  y  sufficiently  well 
to  warrant  the  use  of  this  equation. 

Table  IX. — Rate  of  absorption  of  oxalic  add  by  charcoal j  according  to  Lagergren. 
[Five  grams  charcoal  and  10c.  c.  of  Bolutlon  containing  4.241  grams  oxalic  acid  per  liter.] 


Time,  t. 


5 
10 
30 
60 


y— oxalic 

add 
absorbed. 


Oram. 

a046 

.000 

.151 

.198 


Calculated 
value  of  y. 


Chram. 

0.042 

.076 

.163 

.215 


Time,  t. 


Minutes, 

180 

300 

2,880 


y— oxalic 

acid 
absorbed. 

Cakulated 
value  of  y. 

Oram. 
0.245 
.227 
.249 

Oram. 

BATE  OF  ABSOBFTION  FBOM  PEBCOLATINa  SOLTTTIOXS. 

Schreiner  and  Failyer**  have  studied  the  rate  at  which  phosphates 
and  potassium  are  absorbed  from  solution  passing  through  typical 
soils.  A  solution  of  definite  concentration  was  percolated  through 
soils,  maintaining  the  rat-e  of  percolation  constant  by  an  automatic 
device,  and  determinations  were  made  of  the  concentrations  of 
solute,  which  increased  in  the  successive  percolates.  It  was  found 
that  each  soil  had  its  own  specific  absorbing  power  and  that  the 
process  of  absorption,  considered  as  a  volume  rate,  gave  very  regular 
curves  when  the  quantity  of  phosphate  absorbed  was  plotted  against 
the  total  volume  of  solution  which  had  been  percolated.  It  was 
shown  that  the  volume  rate  of  absorption  was  well  described  by  the 
differential   equation 

where  A  is  the  ^* specific  absorptive  capacity"  of  the  soil  for  phos- 
phates in  equilibrium  with  the  solution,  y  is  the  quantity  of  phosphate 
which  the  soil  has  taken  up  from  solution  after  v  c.  c.  of  that  solution 
has  passed  through  the  soil,  and  £^  is  a  constant — the  velocity  con- 
stant. As  the  liquid  passes  from  top  to  bottom  each  layer  exerts  its 
absorbing  power  upon  weaker  and  weaker  solution,  and  consequently 
the  rate  equation 

is  a  summation  of  all  these  various  rates  of  absorption. 

a  Bul.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  1906;  Jour.  Phys.  Chem.,  10,  239, 
361 Q906) .  Compare ,  Oalugareanu  and  Henry,  Oompt.  rend.  Soc.  Biol. ,  58, 579  (1901). 
Diffusion  of  dye  stuSs  through  gelatine. 
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BATE  OF  PERCOLATION  THBOTTOH  SOILS. 

Seelheim®  has  examined  quantitatively  the  factors  which  deter- 
mine the  rate  of  percolation  through  sand;  clay,  and  calcium  car- 
bonate, and  finds  that  Poiseuille's  formula,  Q  ==  C/L,  holds  for  all 
three  solids.  A  mixture  of  two  sands,  one  having  grains  small  enough 
to  lodge  in  the  interstices  between  the  grains  of  the  other,  gives  very 
nearly  (about  1.2  times  greater)  the  percolation  rate  of  the  smaller 
grained  sand.  But  where  the  two  sands  have  grains  more  nearly  of 
the  same  size,  the  percolation  rate  is  the  average  of  that  for  each  sand 
separately.  The  rate  of  flow  is  directly  proportional  to  the  head  of 
water  and  inversely  to  the  thickness  of  the  soil  layer.  Where  several 
layers  of  soil  are  superposed,  the  speed  of  percolation  is  essentially  that 
of  the  least  permeable  layer.  The  acceleration  in  flow  due  to  increase 
in  temperature  was  determined,  and  an  interpolation  formula,  calcu- 
lated by  means  of  least  squares,  is  given  for  the  sand,  clay,  and  chalk 
used. 

BATE  OF  MOVEMENT  OF  LIQUIDS  THBOTTGH  CAPILLAKY  TUBES, 
AND  THBOUQH  PAFEB  AND  POBOUS  MEDIA. 

The  work  of  Cameron  and  BelP  on  the  rate  of  movement  of  liquids 
through  capillary  tubes  and  through  paper  and  porous  media  gives 
a  slightly  different  treatment  of  the  rate  of  absorption  during  perco- 
lation. In  their  first  paper  an  empirical  equation  was  proposed  to 
describe  the  movement  of  water  and  of  aqueous  solutions  through 
blotting  paper  and  through  soils: 

where  y  represents  the  distance  through  which  the  liquid  has  moved 
in  the  time,  tj  and  n  and  K  are  constants  depending  upon  the  tem- 
perature and  the  specific  substances.  The  second  paper  places  this 
empirical  equation  upon  a  rational  basis  by  deriving  it  from  the 
formula  of   Poiseuille*'   for  the   movement  of  a    liquid  from  one 

level  to  another  through  a  capillary  tube:  Q^C  -j-  where  Q  is  the 

quantity  of  liquid  passed  through  in  imit  time;  H  is  the  difference  in 
level,  or  "head;"  D  and  L  are  the  diameter  and  length  of  the  tube, 
respectively;  and  Cis  Sr  constant.  This  equation  may  be  applied  to 
the  advance  or  retreat  of  water  in  a  capillary  tube  only  when  the 
assumption  is  made  that  the  energy  gained  or  lost  with  change  of 
velocity  (the  ''velocity  head'')  is  negligible  in  comparison  with  the 

a  Zeit.  anal.  Chem.,  19, 387  (1880). 

&Bul.  No.  30,  p.  46,  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.  1905;  Jour.  Phys.  Chem., 
10,  658  (1906). 

Ann.  Chim.  Phys.  (3),  7,  50  (1843). 
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energy  gained  or  lost  in  the  change  of  level  of  the  water  or  in  the 
friction  against  the  walls  of  the  tube.  This  formula  was  found  to 
hold  very  well  for  the  movement  of  several  pure  solvents  through 
capillary  tubes. 

Several  series  of  experiments  were  made  by  Bell  and  Cameron 
using  blotting  paper  and  soils  with  water,  aqueous  potassium  chloride 
solution,  and  aqueous  sodium  eosine,  indigo-carmine,  and  coralline 
solutions,  and  the  formula  was  found  to  hold  in  every  case,  with  the 
restrictions  that  the  acceleration  be  negligible  in  comparison  with 
the  velocity  and  that  the  length  of  the  capillary  soil  tubes  be  great 
in  comparison  with  their  diameters.  And,  in  addition,  they  have 
shown  that  this  equation  describes  the  movement  through  soils  and 
paper  of  solutions  which  suffer  change  during  the  process.  Both 
the  advance  of  the  solute  and  of  water  in  the  medium  conform  to  this 
formula. 

BBLATIOK  OF  DISTBIBUnON  TO  BATB  OF  ABSOBPTION  FROM  A 

PBBCOLATINa  SOLXmOK. 

These  rate-of-advance  studies  of  Cameron  and  Bell  are  related  to 
the  percolation  studies  of  Schreiner  and  Failyer.  The  latter  main- 
tained the  rate  of  flow  constant  and  plotted  the  total  quantity  of 
solute  absorbed  against  the  volume  of  solution  percolated.  It  will 
require  a  long  period  of  time  to  bring  the  lower  layers  of  soil  to  any- 
thing like  saturation  with  respect  to  the  solute  in  question,  so  that 
throughout  the  percolation  experiment  there  will  be  a  different  con- 
centration of  solution  in  contact  with  each  layer  of  soil  from  top  to 
bottom  of  the  percolation  tube. 

The  rate  of  selective  advance  in  soils  for  indigo  carmine  and  water 
through  the  Penn  loam,  for  coralline  and  water  through  the  Penn 
loam,  and  for  coralline  and  water  through  the  Podunk  fine  sandy 
loam  shows  that  the  advance  of  the  dye  is  slower  than  that  of  the 
water,  and  is  different  for  each  dye.  This  means,  of  course,  that  the 
absorption  effect  exerted  by  the  soil  upon  the  solution  robs  it  of 
nearly  all  the  dye,  until  a  point  on  the  distribution  curve  is  reached 
where  the  solution  can  retain  sufl^cient  dye  to  carry  it  along  by  perco- 
lation to  the  next  layer  of  absorbent.  Thus  we  are  not  in  reality 
studying  the  rate  of  flow  of  the  dye  or  of  the  dye  solution  in  these 
experiments,  but  rather  the  retaining  ability  of  the  various  absorbent 
materials  for  the  dye  as  its  solution  percolates.  When  the  absorbent 
material  is  fairly  well  saturated  with  the  dye,  the  rate  of  flow  will 
differ,**  but  not  greatly,  from  that  of  water,  save  as  the  addition  of 

a  Krakow,  Jour.  Landw.,  48,  209  (1900),  on  comparing  pure  water  and  solutions 
side  by  side,  found  that  the  water  moved  more  rapidly  through  a  soil.  Briggs  and 
Lapham,  Bui.  No.  19,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  1902,  p.  6,  made  the  same 
observation,  which  they  attribute  to  the  greater  viscosity  of  the  solutions. 
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distilled  water  changes  the  distribution  and  thus  induces  a  floccula- 
tion  or  deflocculation  of  the  grains  of  the  absorbent,  thus  altering  the 
channels  in  the  soil  and  the  diameters  of  the  capillary  soil  tubes. 

The  absorption  curves  of  Schreinei*  and  Failyer  are  necessarily 
asymptotic,  since  the  soil  can  absorb  only  a  limited  weight  of  salt 
from  any  given  solution.  Consequently  their  curves  might  be 
expected  to  fit  some  equation  in  which  the  dependent  variable  tends 
to  a  limiting  value.    This  was  foxmd  to  be  the  case,  the  formula 

-J?=  KiA—y)  serving  remarkably  well  to  describe  their  experimental 
dv 

results  and  others  obtained  in  this  laboratoiy. 

The  same  consideration  applies  to  the  rate  studies  of  absorption  in 
general,  viz,  that  there  is  a  limit  to  the  quantity  which  an  absorbent 
can  take  up  and  retain  under  equilibrium  conditions;  therefore  all 
curves  plotted  with  quantity  of  substance  absorbed  as  ordinate,  y, 
and  time  of  absorption,  t,  as  abscissa,  must  necessarily  tend  to  an 
upper  limit  for  y.  Consequently  no  exponential  equation  of  the 
form  y^=  Kt  can  exactly  describe  absorption  rate  curves.  For,  when 
the  time  is  infinite,  the  absorption,  y,  likewise  is  infinite;  and  this  is 
contrary  to  experience. 

Similarly  in  the  rate-of-advance  studies:  The  formula  y»  =  JB 
postulates  that  when  f »  oo  the  height  of  the  liquid  in  the  soil  shall 
be  infinite.  This,  again,  is  contrary  to  experience,  the  capillary 
water  rising  until  its  weight  balances  that  of  the  capillary  effect. 
But  the  formula  was  developed  correctly  enough  for  the  advance  or 
retreat  of  liquid  in  a  horizontal  capillary  tube  where  y  for  all  prac- 
tical purposes  is  infinite,  and  the  driving  force,  the  capillary  column 
of  Uquid,  remains  constant.  With  blotting  paper,  too,  the  formula 
was  found  to  hold  for  short  distances  whether  the  paper  was  in  a 
horizontal  position  with  y  =00  ;  or  held  vertically  with  y  approach- 
ing a  limit.  The  application  of  this  formula,  then,  to  vertical  columns 
of  soil  and  blotting  paper  is  justifiable,  in  that  it  enables  us  to  handle 
and  compare  and  analyze  experimental  data  in  ^  more  satisfactory 
manner  than  by  merely  plotting  the  curves.  But  it  should  be  borne  in 
mind  that  the  formula  y^=-Kt  can  not  rigidly  express  any  function 
which  tends  to  a  limiting  value.  This  caution  is  emphasized  here, 
since  a  number  of  rate  curves  are  described  by  this  formula  for  a 
limited  range. 

EHEBOT   CHANGES. 

In  general  the  treatment  of  energy  change  takes  the  form  of  meas- 
uring the  change  produced  in  properties  of  one  substance  by  action 
upon  it  of  a  second.  The  energy  in  a  body  that  is  available  for  pro- 
ducing changes  in  another  substance,  or  substances,  other  than  heat 
is  called  tlie  free  energy.     It  is  different  at  different  temperatures, 
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since  the  heat-capacity  or  energy-capacity  of  a  body  changes  with 
the  temperature. 

When  a  body  adsorbs  another,  one  may  expect  several  different 
energy  changes,  mainly — 

(1)  In.cohesion  and  in  surface  energy. 

(2)  In  work  done  on  expansion  or  contraction  of  volume. 

(3)  Electrical  effects;  such  as  static  charges  on  surfaces  and  upon 
suspended  particles,  and  change  in  potential  difference  where  metals 
are  immersed  in  electrolytes. 

(4)  Heat  effects;  heat  evolved  or  absorbed  due  to  change  in  heat 
capacity,  and  due  to  a  rearrangement  of  the  whole  system. 

TEMPEBATTTBE  RISE  CAT7SED  BY  MOISTEinKG  POWDEBS. 

Pouillet^  observed  a  rise  in  temperature  when  various  powders 
were  moistened  by  different  liquids  using  for  tliis  purpose — water, 
oil,  alcohol,  and  ethyl  acetate.  As  absorbents  he  used  finely  divided 
metals,  metallic  oxides,  powdered  glass,  clay,  and  a  number  of 
organic  substances. 

A  number  of  investigators  have  measured  the  rise  in  temperature 
occasioned  by  the  absorption  of  various  vapors  by  dry  soils  and  other 
absorbents.  A  discussion  with  citations  of  this  literature  has  recently 
been  given,^  and  need  not  be  repeated  here. 

CHANGE  IN  DENSITY  OF  ABSOBBED  LIQUIDS. 

Hassenfratz^  claimed  that  a  substance  such  as  glass  after  being 
powdered  showed  a  smaller  specific  gravity  than  before,  and  that  the 
adherence  of  air  to  the  powder  does  not  accoimt  for  the  phenomenon. 
But  he  gives  one  experiment  using  the  same  mmpU  of  gUss  powder 
in  which  the  density  obtained  on  weighing  the  glass  imder  water  in 
an  evacuated  flask  was  greater  for  the  powdered  glass  than  for  the 
same  glass  in  one  sheet.  Since  this  agrees  with  the  results  of  later 
investigators,  it  is  very  likely  that  the  other  observations  of  Hassen- 
fratz — ^where  he  foimd  a  lower  density  for  the  glass  in  powder  form — 
were  affected  by  incomplete  removal  of  the  absorbed  gases  from  the 
glass.  He  has,  however,  shown  very  well  by  these  experiments  that 
a  powder  placed  in  a  liquid  and  thoroughly  stirred  will  retain  a  con- 
siderable quantity  of  gas,  and  that  the  last  traces  of  this  absorbed 
gas  are  very  difficult  to  remove,  even  when  the  liquid  containing  the 
powder  is  placed  in  a  vacuum. 

In  the  case  of  water  wetting  a  powder.  Junk**  found  that  above  4°  C. 
there  was  an  increase  in  temperature,  and  below  4**  C.  a  decrease  in 

a  Ann.  Chim.  Phys.,  20, 141  (1822);  GQbert's  Ann.,  78,  366  (1823). 
&  Bnl.  No.  51,  Bureau  of  Soils,  U.  S.  Dept.  Agr.;   Trans.  Am.  Electrochem.  Soc. 
11,  387,  1907. 
c  Gilbert's  Ann.  1,  396  (1799). 
d  Pogg.  Ann.,  125,  292  (1865). 
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temperature.  This  result  is  attributed  to  an  increase  in  density  at 
the  surface  of  the  powder,  which  above  4®  C.  would  tend  to  increase 
the  temperature  of  the  mass  of  the  Uquid,  and  below  4°  C.  would 
decrease  the  temperature.  Meissner,*  however,  has  more  recently 
foimd  an  increase  in  temperature  at  0°  C. 

ESTIMATION  OF  THE  PBESSUBE  IN  ADSORBED  LIQUIDS. 

Lagergren^  has  calculated  the  pressure  of  water  at  the  surface  of  a 
soUd  consequent  upon  the  increase  in  density,  and  finds  a  pressure 
upward  of  6,000  atmospheres.  Young^  estimated  its  value  for 
water  at  23,000  atmospheres,  while  Lord  Rayleigh**  mentions  with 
approval  a  hypothesis  of  Duprfi,  which  leads  to  the  value  25,000 
atmospheres  by  a  deduction  from  the  dynamical  equivalent  of  the 
latent  heat  of  evaporation  of  water.  A  change  in  density  has  also 
been  noted  by  Spring,*  who  found  that  the  amoimt  of  water  required 
to  fill  the  spaces  of  a  given  mass  of  sand  was  greater  than  would  be 
expected  if  it  were  merely  a  phenomenon  of  occupying  the  air  spaces. 
This  phenomenon  has  been  ascribed  to  an  increase  in  the  density  of 
the  water  at  the  surface. 

TEMPEBATUBE  INCREASE  CAUSED  BY  MOISTENINa  SOILS. 

Stellwaag^  found  the  following  increases  in  temperature  by  mois- 
tening soils  and  soil  constituents  with  water:  8.33°  C.  for  a  calcium 
carbonate  sand  rich  in  humus;  6.6°  C.  for  ferric  hydroxide;  5.57°  C. 
for  a  loam  soil. 

HEAT  EVOLVED  OK  WETTING  QUABTZ  POWDEB. 

Martini^  gives  13.73  calories  as  the  heat  evolved  on  wetting  1  gram 
of  quartz  powder  with  water.  A  mechanical  analysis  of  the  powder 
is  not  given.  Similarly,  charcoal  evolved  14.45  calories  per  gram 
when  placed  in  water.  Ercolini  *  finds  slightly  different  values:  13.23 
calories  for  quartz,  and  14.23  calories  for  charcoal. 

HEAT  EVOLVED  ON  WETTING  CHABCOAL  WITH  VABIOUS  LIQUIDS. 

Martini^  found  each  liquid  has  its  own  heat  of  wetting.  Thus  with 
granulated  animal   charcoal   at   17°-18°  C.  water  showed  a  rise  in 

temperature  of  15.58°;  absolute  ethyl  alcohol,  17.47°;  ethyl  ether, 

."    ■ 

flWied.  Ann.,  29, 114  (1886). 

&Bihang.  till  K.  bv.  Vet.-Akad.,  Handl.  24,  Afd.  II,  No.  5  (1898). 

<^Minchin,  Hydrostatics  and  Elementary  Hydrokinetics,  311  (1892). 

dPhil.  Mag.,  (5)  80,  473  (1890). 

'Mem.  Soc.  Geol.  Beige,  17, 13  (1903). 

/Forech.  Geb.  Agr.  Phys.,  6,  211  (1882). 

i?  Atti  del  R.  Istituto  Veneto  (7)  9, 958  (1897). 

'iNuovo  Cimento  (4)  9, 110  (1899). 

» Atti  del  R.  Istituto  Veneto  (7)  8,  510  (1896). 
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17.50°;  ethyl  acetate,  18.94® ;  benzene,  17.60®;  carbon  disulphide, 
20.60®.  It  is  interesting  to  note,  too,  that  benzene  with  impure 
charcoal  gave  no  rise  in  temperature,  and  that  amyl  alcohol  showed 
this  same  indifferent  action,  evolving  no  heat.  Absolute  alcohol 
caused  a  rise  of  5.55°  only,  whereas  less  pure  alcohol  showed  10.03° 
rise.  Unfortunately,  data  are  not  available  for  the  conversion  of 
these  observations  to  calories. 

Ijinebarger,*  using  the  same  sample  of  quartz  powder  with  which 
Martini  worked,  found  13.80  calories  evolved  per  gram  when  placed 
in  water;  11.21  and  10.88  calories  for  nitrobenzene;  9.61  and  7.55 
calories  for  toluene;  4.09  calories  for  benzenie;  11.84  and  12.46 
calories  for  pyridine.  The  granules  of  this  powder  had  an  average 
diameter  of  0.0005  cm.  Using  another  sample,  with  average  diam- 
eter of  grain,  0.00096,  Linebarger  found  that  practically  half  the 
quantity  of  heat  given  above  for  each  liquid  was  evolved  on  wetting. 
He  foimd,  in  common  with  previous  investigators,  that  the  relative 
quantity  of  liquid  does  not  influence  the  heat  e£fect.  A  certain 
minimum  quantity  of  liquid  is  necessary  to  produce  the  maximum 
heat  change,  but  any  excess  of  that  amount  has  no  perceptible  in- 
fluence. The  heat  effect  per  imit  mass  of  the  powder  is  the  same  for 
the  same  liquid  at  the  same  temperature,  provided  this  minimum 
amount  be  present. 

HEAT  EVOLVED  BY  POWDEBS  ON  ABSOBBINO  WATEB  VAPOB. 

The  experiments  of  Parks  *  indicate  that  the  heat  which  water 
vapor  liberates  when  it  condenses  upon  the  surface  of  the  silica 
grains  is  returned  to  the  liquid  water  (which  is  in  the  vessel  with  the 
silica  to  maintain  the  air  space  saturated  with  water  vapor)  as  it 
evaporates  to  take  the  place  of  the  water  vapor  which  the  silica  had 
adsorbed.  In  the  end,  therefore,  the  same  quantity  of  water  is 
adsorbed  and  the  same  quantity  of  heat  liberated  when  the  silica  is 
in  contact  with  water  vapor  as  when  it  is  placed  under  liquid  water. 

PABKB'S  LAW. 

In  another  paper*'  Parks  formulates  a  law,  '*When  silica,  sand, 
or  glass  is  brought  in  contact  with  water,  at  approximately  constant 
temperature,  the  heat  evolved  is  proportional  to  the  area  of  the  sur- 
face exposed  by  the  solid,  and  the  amount  of  heat  developed  per 
square  centimeter  is  approximately  0.00105  calorie  when  the  tem- 
perature is  near  7""  C."  And  for  a  range  of  17°,  from  T  C.  to  24.3''  C, 
this  heat  evolution  increases  0.0000035  calorie  per  square  centi- 
meter of  surface  for  each  degree  increase  in  temperature.  It  has 
been  suggested  that  this  law  of  Parks's  may  be  used  to  ascertain  the 

«Phy8.  Rev.,  18,  48  (1901). 
&Phil.  Mag.  (6),  5,  521  (1903). 
c  Phil.  Mag.  (6),  4,  247  (1902). 
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area  of  a  powder  or  a  soil  per  grain  by  determining  experimentally 
the  heat  evolved  when  the  powder  is  placed  in  water  and  dividing  this 
quantity  of  heat  by  the  calories  which  1  square  centimeter  of  surface 
liberates  when  wetted.  But  here  again  we  meet  the  same  difhculty 
which  confronted  Kayser  **  in  his  attempt  to  determine  the  area  of 
the  surface  presented  by  the  grains  of  powder  by  measuring  the 
quantity  of  water  adsorbed  by  the  powder  and  then  dividing  this 
weight  of  water  by  the  number  of  grams  of  water  adsorbed  upon  a 
surface  of  standard  material.  He  failed  to  find  a  standard  mate- 
rial. Each  surface  tried  showed  a  different  degree  of  adsorption. 
The  research^  quoted  above  show  that  each  soil  constitutent  has 
its  own  heat  effect  when  moistened;  consequently,  an  attempt  to 
measure  the  area  of  a  soil  in  this  manner  is  not  promising. 

In  Linebarger's  experiments^  the  heat  evolved  compared  to  the 
surface  of  silica  exposed  is  greater  than  that  shown  by  Parks.  But 
in  considering  this  apparent  clash  of  results  one  must  bear  in  mind 
that  Linebarger  has  measured  the  heat  effect  of  the  same  solid  in 
different  liquids  and  finds  the  ratio  of  the  different  heat  effects  for 
coarse  and  fine  powder  the  same  in  different  solvents.  This  is  very 
strong  evidence,  indeed,  that  the  heat  evolved  is  proportional  to  the 
surface.  The  error  involved  in  calculating  the  effective  area  of  a 
powder  is  enormous.  Parks's  values  involve  the  area  as  calculated 
from  microscopic  measurement  of  the  granules.  Linebarger's  ratio 
is  absolute,  since  he  takes  merely  average  samples  of  each  grade  of 
powder,  without  attempting  to  evaluate  the  area,  and  uses  these  two 
samples  with  each  liquid. 
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HEAT  EVOLVED  BY  SWELLING  STABGH. 
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:'w^odewald  **  has  studied  quantitatively  the  energy  changes  of  starch 
as  'it  absorbs  water.  One  specimen  evolved  24.02  calories  per  gram 
of  starch;  another,  19.4  calories.  He  finds  that  the  greatest  available 
effect  in  the  passage  of  heat  into  work  which  can  be  reached  in  the 
swelling  of  starch  is  11.4  per  cpnt  of  the  total  heat  effect,  which  latter 
is  24.02  calories.  This  result  is  based  upon  measurements  of  volume 
change  during  swelling.  The  average  pressiu*e  between  the  ultra- 
microscopic  cells  of  starch  is  calculated  as  2,137  atmospheres,  while 
very  near  to  a  cell  wall  the  pressure  would  be  much  greater.  Com- 
paring this  value  with  those  of  Dupr6  (25,000  atmospheres)  and 
Young  (23,000  atmospheres)  and  Lagergren  (6,000  atmospheres),  it 
seems  probable  that  in  the  swelling  of  starch  the  imbibition  effect 
predominates  over  the  absorption. 

COMPENSATINO  FACTOBS   THAT  MASK  THE  ENEBGY  CHANGE  IN 
ABSOBPTION  OF  MATEBIAL  FBOM  SOLTTTION. 

The  foregoing  citations  contain  only  the  heat  changes  consequent 
upon  the  wetting  of  powders  and  the  absorption  of  vapors.  No 
values  for  the  energy  change  accompanying  absorption  from  solution 
are  available,  although  it  is  possible  to  make  such  measurements. 
This  phenomenon  is  analogous  to  the  general  problem  of  the  energy 
changes  attendant  upon  the  process  of  solution.  In  this  case  the 
determinations  of  the  individual  forces  at  work  is  difficult ;  the  actual 
heat  and  volume  changes  measured  are  the  resultant  of  all  the  forces 
involved.  Among  these  are  the  attraction  of  solvent  and  solute  and 
the  cohesion  of  the  solute.  Some  idea  of  the  cohesion  of  the  solute 
may  be  obtained  from  its  heat  of  vaporization.  In  like  manner  it  is 
difficult  to  estimate  the  individual  forces  in  the  case  of  absorption 
from  solutions,  for  there  are  the  added  factors  of  the  attractions  of 
the  absorbent  for  both  solvent  and  solute.  At  present  the  best  indi- 
cation of  the  magnitude  of  these  forces  is  the  chemical  decomposition 
which  they  produce — decompositions  which,  effected  in  other  ways, 
require  large  quantities  of  energy. 

THE  COHDITION  OF  THE  AB80BBED  SVB8TANCE. 

THEOBIES  PBOPOSED. 

The  earlier  theories  of  absorption,  and  more  especially  of  adsorp- 
tion, were  based  either  upon  the  assumption  of  a  pressure  at  a  surface 
layer  of  liquid  higher  than  that  in  the  free  liquid  or  upon  the  theory 
of  wetting  of  a  solid  by  a  liquid. 

Only  at  the  saturation  point  is  it  possible  to  consider  the  effect  of 
pressure  upon  the  solubility.     The  case  of  absorption  from  unsatu- 

o" Researches  on  the  Swelling  of  Starch,"  Lipsius  and  Fischer,  Leipsig,  1896. 
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rated  solution  must  be  considered  as  a  distribution  of  the  solute 
between  layers  of  the  liquid  at  different  densities.  This  is  analogous 
to  the  distribution  of  a  solute  between  two  different  liquids  or  to  the 
Soret  effect,  obtained  when  different  portions  of  the  solution  are  main- 
tained at  different  temperatures,  resulting  in  two  solutions  of  different 
concentrations.  The  effect  of  pressures  has  been  discussed  by  various 
authors.* 

From  the  principle  of  Ije  Chatelier  ^  it  follows  that  if  on  solution 
contraction  occurs  there  will  be  a  positive  adsorption,  i.  e.,  the 
surface  layers  will  become  more  concentrated. 

.^Il^eory  of  absorption  from  solution  has  been  based  upon  con- 
siderations of  the  surface  tension  between  solid  and  liquid/  which 
tens£)n  there  is  no  direct  method  of  determining  experimentally. 
It  has,  however,  been  derived  from  the  theory  of  wetting  of  a  solid 
by  a  liquid,  and  is  shown  to  be  less  than  the  surface  tension  between 
solid  and  gas.  In  case  the  surface  tension  between  solid  and  liquid 
is  lowered  by  the  addition  of  a  substance  soluble  in  the  liquid,  it 
follows  that  there  will  be  adsorption  of  the  substance  on  the  surface 
of  the  solid,  for  the  potential  surface  energy  will  tend  to  become 
lower  by  further  concentration  at  the  boimding  surface. 

PHYSICAL  ABSOBPTION. 

Without  entering  deeply  into  the  distinction  between  chemical 
and  physical  change,  we  may  for  practical  purposes  define  a  phys- 
ical change  as  one  in  which  the  altered  substance  retains  sufficient 
of  its  former  characteristics  to  be  recognizable  as  the  same  material 
present  before  the  change  took  place. 

On  the  basis  of  this  definition  we  may  classify  a  number  of  absorp- 
tion reactions  as  physical  changes,  in  that  the  dissolved  substance 
as  a  whole  is  concentrated  in  the  layer  of  liquid  close  to  the  absorb- 
ing solid,  and  in  some  cases  even  deposited  upon  its  surface  in  a 
condition  nearly  or  quite  solid.**  A  good  example  of  this  is  the 
adsorption  of  the  organic  dye  gentian  violet  (gentianin)  by  quartz 
powder.  Here  the  dye  is  retained  in  a  thick  layer  upon  the  grains 
of  quartz  while  the  solution  bathing  the  quartz  is  a  thousand  to 
ten  thousand  parts  per  million  below  its  saturation  point  for  this 

«  Thomson,  Applications  of  Dynamics  to  Physics  and  Chemistry,  p.  237-240; 
Freundlich,  Zeit.  phys.  Chem.,  57,  422  (1906);  see  also  Lagergrcn,  Bihang  t.  k.  Sv. 
Vet.  Akad.  Handl.,  24, 2,  No.  4  and  5  (1899);  Parks,  Phil.  Mag  (6)  4, 240  (1902);  (6) 
5, 517  (1903). 

b  See  Bancroft,  Phase  Rule,  p.  4  (1897). 

<^  For  references,  see  Freundlich,  Zeit.  phys.  Ghem.,  57,  421  (1906). 

<<  Thomson,  Applications  of  Dynamics  to  Physics  and  Chemistry,  1888,  p.  91; 
Freundlich,  Zeit.  phys.  Chem.,  57,  385  (1906);  Ostwald,  Lehrbuch  der  Ailgemeine 
Chemie,  (1891),  p.  1096;  Frank  K.  Cameron  and  James  M.  Bell,  Bui.  No.  30,  Bureau 
of  Soils,  U.  S.  Dept.  Agr.  1905. 
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dye.  Under  the  microscope  the  dye  upon  the  quartz  grains  shows 
its  characteristic  colors  for  reflected  and  transmitted  light ,  and 
when  the  dyed  powder  is  subjected  to  percolation  with  distilled 
water  the  dye  is  gradually  removed  and  recovered  intact.** 

In  some  cases  the  adsorbed  material  is  retained  in  solution  in  the 
layer  of  liquid  close  to  the  surface  of  the  solid.  This  is  very  well 
shown  for  alkaline  carbonate  solution  with  soil.  The  fine  clay  par- 
ticles when  suspended  in  the  solution  produce  no  appreciable  lower- 
ing of  the  electrical  conductivity,  but  when  they  are  removed  by 
centrifiugal  action  or  by  settling  the  quantity  of  adsorbed  material 
which  they  carry  down  with  them  is  sufficient  to  reduce  the  con- 
ductivity of  the  supernatant  liquid  to  a  marked  degree.^  And 
since  these  carbonates,  or  any  chemical  compounds  they  might  form, 
have  a  low  conductivity  as  solids  it  follows  that  they  are  present 
in  solution  at  the  surface  of  the  soil  particles  and  contribute  to  the 
conductivity  of  the  main  body  of  liquid  in  which  the  soil  is  suspended. 
Should  the  clay  contain  hydrated  silica,  alumina,  or  ferric  oxide  in 
an  amorphous  condition,  part  of  the  solution  will  be  imbibed  by 
them  and  removed  when  the  suspension  is  cleared  by  settling;  but 
in  this  case,  too,  the  fact  that  the  absorbed  material  contributes 
to  the  electrical  conductivity  shows  that  it  is  still  in  solution. 

ABSORPTION.  BY  CHEMICAL  FIXATION. 

In  addition  to  these  three  types  of  physical  absorption,  we  may 
have  chemical  fixation  of  dissolved  bodies  at  the  surface  of  a  solid. 
The  solute  may  be  removed  from  solution  as  a  whole  and  added  to 
the  soUd  absorbent  to  form  a  compound.  Thus  metallic  silver  will 
absorb  chlorine  from  solution  forming  silver  chloride.  The  absorb- 
ing solid,  too,  may  lose  some  constituent  at  the  same  time  that  it 
absorbs  the  solute.  Solid  calcium  hydroxide  absorbs  carbon  dioxide 
from  solution  and  loses  water.  Much  more  complicated  replacement 
reactions  between  soil  constituents  and  soil  solution  take  place,  as 
set  forth  at  length  in  a  previous  bulletin.*^ 

Since  many  cases  of  absorption  are  known  in  which  both  physical 
and  chemical  changes  occur,  the  above  classification,  although  con- 
venient, should  not  be  rigidly  applied.  Indeed,  all  gradations  of 
union  are  possible,  from  purely  physical  surface  adhesion — which  still 
depends  upon  the  composition  of  the  bodies  involved — to  purely 
chemical  combinations.  One  important  intermediate  step  may  be 
solution,  either  liquid  or  soUd. 

a  Trans.  Am.  Electrochem.  Soc.,  10,  67  (1906). 

b  Electrochem.  and  Met.  Ind.  6,  257  (1907). 

cBul.  No.  30,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1905. 
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CALCTTIiATIGN  OF  THE 


PBOBABLE  THIOXNB8S  OF  AD80&BBD 
XATEBIAX. 


A  series  of  calculations  for  several  soils  is  presented  in  Table  X. 
The  concentration  of  gentian  violet  dye  solution  at  the  surface  of 
soil  grains  is  estimated  from  the  quantity  of  hygroscopic  water  and 
from  the  quantity  of  dye  absorbed  by  the  soil.  This  involves  the 
assumption  that  the  hygroscopic  water  determined  by  allowing 
dried  soil  (110^  C.)  to  take  up  moisture  from  a  saturated  atmosphere 
is  the  same  in  quantity  as  the  moisture  retained  upon  the  soil  grains 
when  the  soil  is  in  a  saturated  condition.*  The  results  not  only 
show  the  magnitude  of  the  surface  concentration,  but  also  are  of 
value  in  studying  the  physical  condition  of  soils. 

Table  X. — Rdation  of  gentian  violet  dye  absorbed  to  area  of  soil  and  to  hygroscopic 

water. 


Sou. 


Dye  ab- 
sorbed per 
100  grams 
soil. 


Marshall  silt  loam . 


Hagerstown  loam. 


Quartz  floor. 


0.3 
.485 

1.G0 

I.  VIW 
2.497 
2.991 
3.119 
3.70 

.0 

.20 

.4 

.5 

1.495 

1.981 

2.045 

2.025 

.000 

.019 

.038 

.075 

.096 

.190 

.265 

.280 

.295 

.297 

.293 


Hygroscopic 

water  per 

100  grams 

soil. 


Oram*. 

4.0 

4.0 

4.0 

4.0 

4.0 

40 

.      4.0 

4.0 

4.0 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

.8 

.8 

.8 

.8 

.8 

.8 

-.8 

.8 

.8 

.8 

.8 


Dye  In 

solution 

on  soil 

grains. 


Per  cent. 
7.0 
10.8 
20.0 
27.3 
33.3 
38.4 
42.8 
43.8 
48.1 


4.3 
8.2 
10.0 
18.1 
2&0 
30.  G 
31.3 
31.0 


2.32 
4.53 
&58 
10.90 
19.20 
25.0 
26.52 
26.93 
27.03 
26.80 


Volume  of 

solution 

retained 

by  100 

grams  of 

soil. 


Area  of 

soil  per 

gram. 


C.  c. 

Sq.  cm. 
2,320 

47 

50 

47 

Gl 

56 
54 

2,270 

55 
57 

50 

45 

36.5 
30 

1,260 

38 

48 

50 

46 

40 

37 

34 

30 

29 

Gentian  violet  is  not  very  soluble  in  water,  a  2  per  cent  solution 
being  viscous  and  6.81  per  cent  its  solubility  at  25*^  C. ;  yet  the  calcu- 
lated per  cent  of  dye  in  solution  on  the  soil  grains  is  48.1  for  Marshall 
silt  loam,  31  for  Hagerstown  loam,  and  27  for  quartz  flour.  Although 
the  hygroscopic  moisture  held  by  the  quartz  is  less  than  one-fifth 
of  that. of  the  Hagerstown  loam,  the  percentages  are  in  very  close 
agreement.     The   percentage   of  dye  held  in  solution  is   actually 


a  Parks,  Phil.  Mag.  (6),  5,  521  (1903). 
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higher  than  these  values  given,  since  the  dye  absorbed  is  in  or  on  the 
soil  grains,  while  part  of  the  hygroscopic  water  should  be  reckoned  as 
capillary  water  and  is  the  same  in  concentration  as  the  supernatant 
solution  from  which  the  dyed  soil  grains  have  settled  out. 

Since  the  calculation  just  made  gives  such  high  values  for  the  con- 
centration of  dye  upon  the  soil  grains,  it  may  even  be  that  the  dye 
is  not  in  solution  in  the  surface  layer,  but  has  separated  upon  the 
grains  as  a  solid.  The  work  of  Rohde**  is  in  line  with  this.  He 
states  that  the  aqueous  solutions  of  fuchsine  and  methyl  violet  form 
at  their  surfaces  solid  layers  which  through  their  metallic  luster  are 
unmistakably  evident  to  the  eye.  The  surface  of  the  liquid  becomes 
first  more  concentrated,  then  viscous,  and  finally  stiff  and  solid,  so 
that  in  the  condition  of  equilibrium  the  solution  is  covered  with  a 
skin  of  solid  dyestuff.* 

Rohde  says,  again,  that  the  solid  surface  layer  is  the  thicker  and 
forms  the  faster  the  more  concentrated  the  solution.  According  to 
his  calculations  the  thickness  of  the  layer  (of  solid  dye)  is  always  of  a 
lower  order  of  magnitude  than  the  radius  of  the  sphere  of  action. 
The  present  calculation,  however,  shows  that  the  layer  of  dye  on  the 
grains  of  quartz  flour,  Marshall  silt  loam,  and  Hagerstown  loam  is 
many  fold  that  of  the  calculated  molecular  dimensions.  This  is  also 
true  for  the  absorbed  layer  of  eosin  and  for  manure  extract,  and 
aside  from  these  calculations  microscopic  examination  shows  a  very 
appreciable  layer  of  dye  on  the  grains. 

EFFECT    OF   ABSOBPTION  UPON   THE   PHYSICAL   COHDITIOH  OF 

THE  son. 

BELATION  OF  ABSOBPTION  TO  THE  FOBHATION  OF  AOGBEGATBS. 

The  absorption  of  nutrient  salts  by  the  soil  not  only  maintains  a 
proper  soil  solution,  but  also  exercises  a  marked  influence  upon  the 
size  of  the  soil  aggregates.  This  soil  structure  in  turn  governs  the 
water-holding  power,  the  porosity,  and  consequently  the  aeration  of 
the  soil;  and  these  factors  are  of  the  utmost  importance  to  the 
bacterial  life  in  the  soil,  as  well  as  to  the  changes  in  the  organic  and 
mineral  constituents.  The  effect  of  absorption  upon  the  soil  solution 
has  been  discussed  in  several  preceding  chapters. 

o  Ann.  Phys.,  19, 936  (1906) ;  see  also  the  references  given  in  the  preceding  sections. 

6  "£s  spricht  nichts  gegen  die  Annahme,  dass  die  molekularen  Krafte,  welche  die 
Ausscheidung  des  festen  Farbstoffs  bewirken,  dieselben  sind,  wie  bei  der  Ober- 
flachenspannung  der  Fltiasigkeiten  t&tigen.  Es  Wiirden  namiich  die  grossen  zwischen 
zwei  Wasser  molekUlnwirkenden  Kr&fte,  welche  auch  die  groese  Oberfl&chenspannung 
desWassers  zur  Folge  haben,  es  bewirken  miissen,  dass  die  an  der  Oberfl&che  der 
FarbstoffslSeungen  befindlichen  Farbstoffmolekflle,  mit  frosserer  Kraft  in  das  innere 
der  Losung  gez<^en  werden,  als  die  dort  befindlichen  FarbstoffmolekUle,  was  die 
bobachtete  Anreicherung  der  Oberfl&che  an  Farbstoff  zur  unmittelbaren  Folge  eigibt.** 
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The  present  chapter  has  to  do  with  the  changes  in  the  physical 
structure  of  the  soil  attendant  upon  the  addition  of  various  soluble 
substances,  such  as  fertilizers  and  correctives  and  salt  water  from 
inundations.  When  a  salt  is  absorbed  by  a  soil  in  suspension,  there 
may  occur  either  the  formation  of  larger  aggregates  or  else  the 
breaking  up  of  aggregates  already  present.  Larger  aggregates  settle 
more  readily  and  occupy  a  larger  volume,  while  the  smaller  aggre- 
gates or  single  grains  settle  much  more  slowly  and  into  a  compact  bed. 

The  direct  relationship  between  the  absorption  of  soluble  material 
by  percolates  in  suspension  and  their  settling  has  been  shown  by 
Linder  and  Picton,**  as  well  as  by  Whitney  and  Ober.''  Colloids 
which  settle  from  suspension  in  neutral  solution  carry  down  small 
quantities  of  metallic  hydroxides. 

Several  hypotheses  have  been  advanced  to  account  for  the  forma- 
tion and  breaking  up  of  aggregates. 

Many  of  the  agents  which  produce  flocculation  have  been  found  to 
be  more  or  less  hydrolyzed  in  aqueous  solution,  and  the  flocculating 
power  has  been  attributed  to  this  hydrolysis.  Freundlich*^,  however, 
has  found  that  the  flocculating  power  of  barium  salts,  which  are 
scarcely  hydrolyzed,  is  almost  equivalent  to  that  of  beryllium  salts 
and  uranyl  nitrate,  both  of  which  are  strongly  hydrolyzed,  and  as  all 
of  these  salts  have  bivalent  cations  this  can  not  be  attributed  satis- 
factorily to  the  difference  in  valence. 

Another  theory  growing  out  of  their  work  attributes  the  precipita- 
tion of  suspended  particles  to  the  ions  of  the  salt  in  solution.  The 
mechanism  of  this  precipitation  is  such  as  to  constitute  the  neutrali- 
zation of  the  charge  of  electricity  upon  the  suspended  particles  by 
the  ions  carrying  the  opposite  charge.  On  the  basis  of  their  experi- 
ment, in  which  they  used  electrolytes  and  nonelectrolytes,  it  has 
been  claimed  by  Barus,''  Bodlander,*  Freundlich,^  and  Whitney  and 
Ober^  that  the  power  to  flocculate  colloids  is  possessed  exclusively 
by  electrolytes.* 

The  flocculation  of  colloids  by  electrolytes  has  been  investigated 
by  Schulze,'  Hardy ,^  and  many  others,  and  there  has  been  a  tend- 
ency to  correlate  the  flocculating  power  of  an  ion  with  its  valence. 

Schulze  found  that  the  power  of  salts  of  univalent,  bivalent,  and 

— ^— -^— ^^_^-_^^^_— .^^___^_^___^__ _  — .^^^ . 

o  Jour.  Chem.  Soc,  67,  63  (1896). 

b  Jour.  Am.  Chem.  Soc,  28,  842  (1901);  Zeit.  phys.  Chem.,  88,  386  (1901). 

c  Zeit.  phys.  Chem.,  44, 129  (1903). 

d  Am.  Jour.  Sci.,  87, 122  (1889). 

«Nach.  K.  Ges.  Wise.,  Gottingen,  1893,  p.  267. 

/Zeit.  phys.  Chem.,  44,  136  (1903). 

^  Jour.  Am.  Chem,  Soc.,  28,  842  (1901);  Zeit.  phys.  Chem.,  88,  385  (1901). 

A  Compare,  Kahlenberg,  Jour.  Phys.  Chem.  «,  1  (1902);  10,  593  (1906). 

iJovLT.  prakt.  Chem.  188, 431  (1882);  185,  320  (1883). 

iProc.  Roy.  Soc.,  66,  111  (1900);  Zeit.  phys.  Chem.,  88,  385  (1901). 

35673— Bull.  52—08 ^5 
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trivalent  metals  to  flocculate  colloids  was  in  the  proportion  of  1  to  30 
to  1,650.  This  in  turn  has  been  ascribed  by  Bredig**  and  Spring*  to 
the  hydrolysis  of  the  salt,  the  degree  of  which  increases  very  rapidly 
as  the  valence  of  the  cation  increases. 

Colloid  suspensions  have  been  divided  into  two  classes:  Those  which 
migrate  toward  the  cathode  under  electrical  stress  and  those  which 
migrate  toward  the  anode.  *  The  colloids  which  migrate  toward  the 
anode  are  said  to  be  precipitated  by  anions,  and  vice  versa.  This 
migration  of  the  colloids  resembles  the  behavior  of  an  electrolyte, 
and  the  theorj''  has  been  advanced  that  colloids  in  solution  are  in 
reality  large  aggregations  with  small  electrical  charges,^  which  are 
counterbalanced  by  the  presence  of  ions  carrying  the  opposite  charge. 
Thus  there  would  be  an  equilibrium  between  the  two,  and  a  disturb- 
ance of  the  equilibrium  by  the  addition  of  a  salt  to  the  solution  tends 
to  precipitate  the  colloid.  Further,  both  classes  of  colloidal  sus- 
pensions have  the  peculiarity  that  any  one  is  precipitated  from  the 
solution  w^hen  added  to  a  suspension  of  one  of  the  other  classes,  the 
precipitate  being  of  course  a  mixture  of  the  two.** 

Hilgard  ^  has  shown  that  increase  of  temperature  decreases  floc- 
culation;  alcohol  and  ether  decrease  flocculation,  as  do  also  alkalies, 
while  neutral  salts,  acid,  and  lime  promote  flocculation.  Whitney  ^ 
has  also  given  considerable  attention  to  flocculation,  especially  its 
effect  upon  the  adaptation  of  special  crops  to  soils.  At  his  sug- 
gestion Bliss  ^  made  a  study  of  the  precipitation  of  suspensions  and 
foxmd  that  sodium  chloride  and  hydrochloric  acid  induced  floccu- 
lation, while  potash  and  ammonia  inhibited  it,  and  also  that  the 
concentration  of  the  solution  is  a  determinim^  factor.  Bodlander  * 
has  given  the  concentration  of  typical  acids,  bases,  and  salts  re- 
quired to  precipitate  kaolin  suspendecl  in  water.  Sachsse  and 
Becker  '  have  determined  the  percentage  of  several  salts  precipi- 
tated from  suspension  by  lime  water. 

«  Anorganifiche  Fenncnte,  1901,  p.  15. 

6  Bui.  Acad.  Roy.  Belg.,  1900,  483. 

c  Duclaux,  (Compt.  rend.,  140, 1544(1905))  considers  the  granules  of  a  colloidal 
solution  as  of  such  magnitude  that  they  may  be  regarded  as  conductors  of  electricity. 

d  Linder  and  Picton,  Jour.  Chem.  Soc,  07,  63  (1895);  Freundlich,  Zeit.  phys. 
Chem.,  44,  129  (1903);  des  Bancels,  Compt.  rend.,  140, 1647  (1905). 

e  Forsch.  Geb.  Agr.  Phys.,  2,  441  (1879);  also  Silliman's  Jour.,  17,  March.  1879; 
ibid,  (;,  Oct.  and  Nov.,  1873:  See  also  S.  W.  Johnson,  Rept.  Conn.  State  Board  Agr., 
1877-1878,  Hartford,  1878,  The  reasons  for  Tillage. 

/Bui.  No.  5,  Division  of  Agricultural  soils,  U.  S.  Dept.  Agr.,  1896,  p.  9;  Fourth 
Annual  Report,  Maryland  Exp.  Sta.,  1891,  p.  258;  Bui.  No.  4.  Weather  Bureau. 
U.  S.  Dept.  Agr.  (1892),  p.  80;  See  also  Wiley,  Principles  and  Practices  of  Agricultural 
Analysis  I,  1894,  p.  171. 

0  Phys.  Rev.,  2,  241  (1895). 

f^  Neues  Jahrb.  f.  Mineral.  IT,  p.  147,  1893;  abstr.,  Forsch.  Geb.  Agr.  Phys.,  18, 
76  (1895). 

«Landw.  Vers.-Stat.,  45, 137 '(1894);  abstr..  Forsdi.  Geb.  Agr.  Phys.,  18,78(1895). 
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Matthews  ^  has  suggested  that  the  precipitation  of  colloids  by 
electrolytes  is  brought  about  by  an  alteration  in  the  surface  energy 
of  the  colloid.  The  suspending  power  of  the  solvent  has  been  cor- 
related with  its  dielectaric  constant.  Buckingham,^  however,  has 
shown  experimentally  that  this  suspending  power,  while  parallel 
with  the  dielectric  constant,  shows  variations  of  a  totallv  different 
order  of  magnitude.  Many  cases  are  known  in  which  the  floccula- 
tion  and  suspension  of  particles,  bacteria,  etc.,  alternate  as  the  con- 
centration of  the  solute  is  increased.^  This  recurrence  of  floccula- 
tion  and  suspension  ^  puts  in  doubt  the  hypothesis  that  suspended 
particles  settle  because  their  charges  are  neutralized  by  the  ions 
about  them.  Buxton  and  Shaffer*  have  suggested  that  this  pre- 
cipitation inay  be  analogous  to  the  phenomenon  of  "salting  out," 
in  which  a  new  distribution  of  the  components  between  solid  and 
liquid  phases  in  the  colloidal  suspension  takes  place.  In  other 
papers  Teague  and  Buxton  ^  have  investigated  the  migration  of  sus- 
pended particles  under  the  influence  of  electrical  stress  and  found  that 
the  direction  in  which  the  suspension  migrates  depends  upon  the  con- 
centration of  the  electrolyte,  and,  indeed,  alternates  as  the  suspension 
or  flocculation  alternates.  They  suggest  the  possibility  that  this 
alternation  may  bje  due  to  a  decrease  in  the  absorptive  power  of  the 
suspended  particles  in  more  concentrated  solutions. 

Hilgard  has  given  considerable  attention  to  the  subject  of  sedi- 
mentation, especially  in  his  method  for  the  mechanical  analysis  of 
soils.  He  has  also  studied  the  effect  of  different  salts,  alkalies,  and 
acids  upon  the  physical  structure  of  the  soil,  recognizing  the  effect 
of  these  agents  upon  sedimentation.  His  latest  statement  concern- 
ing the  formation  of  soil  crumbs  is  of  interest:  ''When  land  is 
plowed  in  the  proper  moisture  condition,  the  crumbs  or  floccules  are 
held  together  by  the  surface  tension  of  the  capillary  films  (menisci) 
of  water  at  the  points  of  contact.  In  the  case  of  sands,  the  crumbs 
will  collapse  into  single  grains  whenever  the  water  films  evaporate, 
unless  some  cementing  substance  was  dissolved  or  suspended  .in  the 
water.  Lime  carbonate  is  one  of  the  substances  most  commonly 
found  permanently  cementing  the  floccules;  hence  the  ready  tillage 
of  most  calcareous  soils,  and  especially  the  loose  texture  of  the 
'loess'  of  the  western  United  States  and  of  Europe  and  Asia.  In 
these  deposits  we  find  sandy  and  silt  aggregates  or  concretions  rang- 

o  Am.  Jour.  Physiol.,  14,  203  (1905). 

6  Trans.  Am.  Elec.-Chem.  Soc,  9,  261  (1906). 

c  Bechhold,  Zeit.  phys.  Chem.,  48,  385  (1904). 

^  With  regard  to  the  protecting  action  of  gelatine  and  other  substances  upon  the 
colloidal  suspensions,  reference  may  be  made  to  Bredig,  Anorganische  Fermente 
(1901). 

«  Zeit.  phys.  Chem.,  57,  47  (1906). 

/Ibid.,  57,  64,  76  (1906);  «0,  469,  489  (1907);  «2,  287  (1908;. 
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ing  from  10  or  more  inches  in  length  (loess  puppets)  to  microscopic 
size,  held  together  by  lime  carbonate,  but  collapsing  into  silt  and 
sand  when  the  material  is  treated  with  acid  so  as  to  dissolve  the 
cement.  The  rough  surface  of  these  aggregates,  gripping  into  each 
other,  explains  the  stability  of  the  steep  loess  cliflFs  in  the  United 
States,  as  well  as  in  northeastern  China,  as  observed  by  Von  Richt- 
ofen  and  Pumpelly."  * 

Mayer,*  starting  from  the  well-known  settling  of  muddy  water 
by  addition  of  common  salt,  divides  the  salt  solutions  into  two 
classes:  (1)  those  which  behave  like  distilled  water,  allowing  the 
soil  particles  to  settle  regularly  accordmg  to  their  diameters  and 
specific  gravities;  (2)  those  solutions  in  which  the  precipitate  forms 
a  mass  of  cohering  floes,  the  neighboring  particles  showing  a  ten- 
dency to  hold  together.  He  places  hydrochloric  acid,  nitric  acid, 
sulphuric  acid,  their  salts,  fixed  alkaUes  (NaOH,  KOH,  LiOH),  and 
ammonia  in  the  first  class.  Alkali  sulphates  have  only  a  slight  ten- 
dency to  promote  sedimentation.  Lime  water  precipitates  the  sus- 
pension of  soil  even  better  than  fixed  alkalies,  while  powdered  cal- 
cium carbonate  mixed  with  the  soil  before  stirring  with  water  has 
no  effect  upon  the  rate  of  settling. 

Mayer  also  showed  that  sedimentation  is  not  perceptibly  affected 
until  the  concentration  of  solution  added  reaches  a  fairly  definite 
per  cent.  The  percentages  at  which  precipitation  just  takes  place 
are  for  the  following  solutes:  Soap,  2.5;  ammonia,  2.5;  neutral  so- 
dium phosphate,  2.0;  phosphoric  acid,  0.8;  potassium  hydroxide, 
0.56;  sodium  sulphate,  0.4;  calcium  hydroxide,  0.08;  sulphuric  acid, 
0.025.  The  soil  used  was  a  fine  clay  from  Iowa  washed  free  of  car- 
bonates by  hydrochloric  acid.  He  showed  that  a  soil  subjected  to 
percolation  by  distilled  water  at  constant  pressure  allows  the  liquid 
to  pass  through  at  a  constantly  decreasing  rate.  This  decrease  is 
produced  by  packing  and  by  clay  particles  lodging  in  the  minute  soil 
channels.  When  a  salt  solution  belonging  to  his  second  class — i.  e., 
one  capable  of  precipitating  the  soil  from  suspension  in  water — is 
passed  through  a  soil  already  washed  and  well  packed  down  by  perco- 
lation, an  increase  in  the  rate  of  flow  is  observed.  He  confirmed  this 
phenomenon  for  sodium  chloride  and  calcium  hydroxide  and,  fur- 
thermore, showed  that  on  washing  out  by  percolation  the  salt  ab- 
sorbed by  the  soil  during  its  contact  with  salt  solution  the  rate  of  flow 
was  very  greatly  reduced.  This  phenomenon  has  been  fully  con- 
firmed in  this  laboratory  c  for  potassium  carbonate  solutions  passing 
through  Galveston  clay,  Marshall  silt  loam,  Hagerstown  loam,  and 

o  Hilgard,  Soils,  p.  110  (1906). 
6  Forsch.  Geb.  Agr.  Phys.,  2,  251  (1879). 

cSee  page  94;  also  Cameron  and  Patten,  Jour.  Am.  Chem.  Soc,  28,  ld45  (1906); 
also  Hissink,  Chem.  Weekblad,  4, 663  (1907). 
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Norfolk  sand.  As  a  {practical  application  of  this  sedimentation  effect 
produced  by  salts,  Mayer  suggests  first  that  lands  flooded  by  sea 
water  may  suffer  a  deterioration  in  their  physical  condition  on  being 
again  drained.  This  close  packing  of  the  soil  would  be  likely  to  ap- 
pear in  the  second  year  after  flooding  rather  than  in  the  first.  He 
thinks,  too,  that  the  packing  of  the  soil  and  consequent  reduction  of 
air  space  and  ventilation  facilitates  the  reduction  of  iron  sulphate  to 
hydrogen  sulphide,  or  its  analogues,  especially  in  alkali  soils.  As 
land  flooded  by  sea  water,  and  thus  put  into  dense  condition,  was  not 
improved  by  use  of  lime,  he  suggests  as  a  last  resort  that  the  land  be 
left  fallow,  subject  to  freezing  and  thawing  and  to  the  action  of  tumed- 
imder  green  manure,  such  as  natural  plant  growth.  He  points  out 
most  strongly  the  injury  to  the  mechanical  structure  of  a  soil  rich  in 
clay  produced  by  repeated  fertilizing  with  potassium  nitrate.  A  soil 
forced  in  this  manner  at  first  gives  fine  crops,  then  shows  a  sudden 
drop,  which  can  not  be  corrected  by  simple  addition  of  all  the  standard 
fertilizers.  The  soil  is  ruined  mechanically  for  a  long  time.  One  of 
the  reasons  for  this  is  that  the  nitrates,  like  the  chlorides,  are  com- 
paratively easily  washed  from  the  soil,  and  the  salt  being  removed 
the  soil  grains  pack  down  in  a  single-grain  condition  very  hard  to 
overcome.  Swaving"  likewise  found  that  soils  flooded  by  sea  water 
were  greatly  injured  in  their  physical  condition,  although  not  enough 
salt  was  absorbed  to  injure  plants. 

Fickendey  *  states  that  the  precipitation  of  a  suspension  of  a  natural 
clay  soil  requires  a  much  higher  concentration  of  alkalies  than  is 
necessary  to  flocculate  a  kaolin  suspension.  He  explains  this  as 
due  to  the  protective  action  exercised  upon  the  soil  particles  by  the 
humic  acids  which  go  into  the  solution  when  the  soil  is  treated  with 
alkaUes  and  alkali  carbonates.  Artificial  humic  acids  can  likewise 
restrain  precipitation,  though  less  strongly  than  the  humus  products 
of  the  soil.  Tannin  also  prevents  sedimentation,  while  starch  has  no 
perceptible  effect.  Pure  gelatine  without  addition  of  electrolyte 
exerts  a  precipitating  effect  upon  kaolin  suspensions,  which  increases 
with  the  gelatine  concentration  up  to  a  maximum  and  then  drops 
considerably.  Addition  of  alkalies  to  the  gelatine  solution  displaces 
this  maximum  speed  of  settling  toward  the  side  of  low  gelatine  con- 
centration; but  in  acid  solution  this  maximum  appears  nearer  the 
region  of  concentrated  gelatine  solutions  and  is  sharply  defined. 
These  observations  are  taken  as  giving  new  light  upon  the  manurial 
efficiency  of  lime,  in  that  it  precipitates  the  humic  acids  of  the  soil, 
thus  removing  substances  which  tend  to  maintain  the  soil  in  a  single 
grain  condition,  and  enables  the  soil  grains  to  flocculate  and  assmne 
open  physical  condition. 

a  Landw.  Vera.-Stat.,  51, 463  (1898-99).  &  Jour.  Landw.,  64,  343  (1906). 
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EFFECT  OF  ABSOBFTION  UPON  WATEB-HOLDINa  POWEB  OF  SOELS. 

Van  Bemmelen*  and  others  have  set  forth  the  relation  between 
the  absorptive  power  of  a  finelv  divided  solid  and  the  quantitv  of 
water  retained  by  the  individual  particles  within  their  own  bodies. 
But  in  addition  to  this  imbibition  effect,  soluble  material  held  in  con- 
centrated form  upon  the  surface  of  powder  grains  materially  alters 
the  quantity  of  solution  which  this  powder  can  retain  in  the  space 
between  grains  after  settling  from  suspension  in  the  given  solution. 

Wollny*  has  shown  that  from  every  standpoint  the  single  grain 
soil  is  inferior  to  a  flocculated  soil  as  regards  its  moisture  content 
and  conservation,  as  well  as  in  respect  to  aeration. 

Ulreich*  gives  data  on  the  influence  of  various  hydroxides,  car- 
bonates, phosphates,  sulphates,  nitrates,  and  chlorides  upon  the  water 
content  of  soils.  He  concludes  from  his  data  that  the  different 
hydroxides  and  salts,  in  a  considerable  degree,  but  in  different  direc- 
tion, exercise  an  influence  upon  the  water-retaining  power  of  the  soil. 
According  to  their  action 'they  may  be  brought  into  three  groups,  of 
which  the  first  comprises  those  compounds  which  produce  a  lowering 
of  the  water  capacity  of  the  soil,  i.  e.,  hydroxides  and  carbonates  of  the 
alkalies  as  well  as  phosphates.  A  second  group  includes  those  salts 
which  appear  to  be  almost  without  influence  upon  the  retention  of 
water;  these  are  the  sulphates.  In  a  third  class  are  the  compounds 
such  as  nitrates,  chlorides,  and  calcium  hydroxide,  which  increase 
the  water  capacity  of  the  soil.  He  also  compares  the  effect  of  Knopfs 
nutrient  solution  **  with  that  of  lime  and  obtains  similar  results  with 
all  the  soils  tried.  The  Knop  solution  increased  the  water  capacity 
of  the  soil,  as  would  be  expected  from  the  preponderance  of  nitrates 
and  chlorides.  This  effect  is  greater  as  the  concentration  of  the  solu- 
tion increases,  so  far  as  his  experimental  data  go,  save  in  the  case  of 
gypsum,  where  the  soil  held  the  same  volume  of  solution  at  0.1  per 
cent  CaS04  as  at  0.5  per  cent,  and  showed  a  very  slight  decrease  in 
water  content  when  a  1  per  cent  solution  was  used. 

The  interdependence  of  absorption,  flocculation,  and  physical  con- 
dition of  soils  is  shown  in  a  series  of  preliminarj'-  experiments  carried 
out  by  Mr.  J.  O.  Belz.  The  quantity  of  solute  retained  in  the  soil 
spaces  after  settfing  from  a  given  solution  was  determined  by  meas- 
uring the  height  of  the  soil  surface.  Since  the  tnie  volume  of  the 
soil  grains  is  a  constant,  the  volume  of  water  held  in  the  capillary 
spaces  may  be  calculated  from  this  height.  Susquehanna  clay 
appears  to  retain  a  maximum  volume  of  liquid  in  potassium  hydrox- 

aZeit.  anorg.  Chem.,  23,  112  (1900). 

ftForsch.  Geb.  Agr.  Phys.,  16,  406  (1893);  18,  63  (1895);  Puchner,  Ibid.,  19,  1 
(1896). 

clbid.,  19,52(1896). 

d  This  solution  contains  KH2PO4,  MgS04,  KN08,  NH4CI,  in  equal  parts  by  weight, 
with  4  parts  Ca(N03)2. 
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ide  solution  when  the  concentration  is  near  0.01  N.  This  same  soil 
retains  more  of  0.1  N  ammonia  solution  than  of  other  concentrations 
used.  In  both  these  cases  the  definite  location  of  the  concentration 
giving  maximum  open  structure  remains  to  be  determined,  but  its 
existence  's  assured.  With  sulphuric  acid  the  volume  of  solution  in 
the  pore  spaces  is  greater  as  the  concentration  of  acid  in  solution 
increases  up  to  0.1  N,  the  strongest  solution  used.  Susquehanna 
clay  and  quartz  flour  retain  less  of  distilled  water  in  their  capillary 
spaces  than  of  solution,  while  Hagerstown  loam  holds  more  of  dis- 
tilled water — which,  of  course,  becomes  a  soil  solution  proper  to 
that  soil — than  of  dye  solution;  yet  this  soil,  too,  shows  a  maximum 
after  the  first  quantities  of  dye  have  been  absorbed.  Calcium  nitrate 
solution  (200  c.  c.)  was  shaken  up  with  25  grams  of  Sharkey  clay 
and  allowed  to  settle  three  days  before  taking  the  reading.  The 
clay  retained  a  greater  volume  of  the  0.01  N  solution  than  of  the 
other  solutions  higher  and  lower  in  concentration. 

Table  XI  gives  the  results  of  a  number  of  experiments  also  carried 
out  by  Mr.  Belz.  The  solutions  used  were  0.5  and  0.1  normal,  except 
lime,  where  the  concentration  was  calculated  on  a  basis  of  pounds 
per  acre.  Fifty  grams  of  Susquehanna  clay  were  shaken  up  with 
150  c.  c.  of  solution  and  allowed  seven  days  in  which  to  come  to 
equilibrium.  The  results  show  that  the  solute  used,  and  in  particu- 
lar its  concentration  in  the  soil  and  in  the  solution,  determines  the 
volume  of  solution  which  the  soil  can  retain  in  its  capillary  spaces. 
It  is  to  be  remembered  that  the  original  concentrations  given  in 
Table  XI  have  changed,  since  in  each  case  the  soil  has  abstracted  a 
goodly  quantity  of  solute  from  the  solution. 

Table  XI.— Volume  of  solution  retained  by  Susquehanna  clay  on  settling  from  various 

solutions. 
[oOgrs.  soil-l-150  c.  c.  solution.] 


Solute. 


(1) 

Volume  of 

solution 

in  soil.a 


O.a  normal 
solution. 


Distilled  water. 

Lime  (1) 

Lime  (2) 

(NH4)*C05 


C.c 


K«C0a 

NaiCOa 

n,S04 

K^Oi 

NaiSO^ 

(NH4),80,... 
NasHPO^.... 
(NHOiHPOi. 

K,HPO, 

Ca(NO,),.... 

NaNOs. 

KNOj 

(NH4)N08... 


75.4 

72.0 

50.1 

104.0 

01.4 

128.1 

120.9 

110.4 

126.1 

111.  .3 

126.7 

118.1 

108  7 

60  5 

97.7 

80.4 

7:*.o 


(2) 

(1) 

(8) 

Volume  of 

solution 

Difference 

Diflerenoe 

in  soil. 

in  volume 

in  volume 

over  dis- 
tilled wa- 
ter check. 

over  dis- 

0.1 normal 
solution. 

tilled  wa- 
ter check. 

C  c. 

C.c. 

C.c. 

-  3.4 

-16.3 

29.2 

105.6 

30.2 

126.4 

16.0 

51.0 

131.9 

53.2 

66.5 

101.2 

45.5 

25.8 

117.7 

35.0 

42.3 

113.8 

50.7 

38.4 

117.6 

35.  l» 

42.2 

128.7 

bl.i 

53.3 

125.8 

427 

50.4 

123.2 

33.3 

47.8 

69.4 

-14.9 

-6.0 

69.8 

22.3 

-5.6 

70.1 

5.0 

-5.3 

89  4 

7.6 

14.0 

o  The  volume  of  the  air-dry  soil  is  41.1  c.  c.  lor  50  grams. 
Column  1—1,000  pounds  per  acre.    Column  2«*500  pounds  per  acre. 
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Increase  in  lime  increases  the  volume  of  solution  in  the  soil,  and 
the  same  is  true  for  sodium,  potassium,  and  ammonium  nitrates, 
sulphuric  acid,  and  sodium  sulphate;  but  the  other  salts  studied  show 
the  reverse,  the  volume  of  solution  retained  by  the  soil  being  greater 
for  lower  concentrations.  This  apparent  lack  of  agreement  of  the 
effect  of  various  solutes  is  due  to  the  fact  that  each  solution  has  its 
own  particular  concentration  for  which  the  soil  in  contact  with  it  w^ill 
assume  a  maximum  open  structure. 

The  following  experiments  were  undertaken  to  establish  a  relation- 
ship between  the  quantity  of  substance  absorbed  by  the  particles  and 
the  volume  of  solution  which  they  can  retain  in  the  spaces  between 
particles  when  the  aggregate  of  grains  is  allowed  to  settle  out  of  solu- 
tion and  pack  down.  Consequently  in  addition  to  determining  the 
concentration  of  the  solution  remaining  above  the  quartz  flour,  as 
shown  in  Table  IV,  its  volume  was  measured;  that  is,  the  volume 

of  liquid  which  could  be 
drained  off  from  the  quartz 
after  the  bottles  containing 
the  system  had  been  cen- 
trifuged  at  high  speed  for 
about  ten  hours  and  then 
allowed  to  stand  some  six 
weeks  upon  the  shelf.  As 
the  quartz  had  settled  into 
a  compact  mass  in  every 
bottle,  the  volume  of  liquid 
remaining  above  the  quartz 
could  be  poured  off  cleanly 
and  measured  to  within  less 
than  0.3  c.  c.  The  water  added  to  each  sample  of  quartz  may  be 
considered  to  be  in  three  conditions — absorbed  water,  that  held  in 
the  capillary  spaces,  and  free  water.  The  free  water  was  directly 
determined,  and  the  absorbed  water  has  been  determined  for  the 
same  samples  of  quartz;'*  consequently  the  water  held  in  the  capillary 
spaces  may  be  estimated  by  difference. 

Table  XII  shows  the  volume  of  solution  retained  in  the  capillary 
spaces  of  100  grams  of  quartz  flour  for  different  quantities  of  gentian 
violet  dye  absorbed  by  the  quartz  grains.*  The  corresponding  con- 
centration of  each  dye  solution  used  has  been  given  above  in  Table 
IV.  The  curve  given  in  figure  2  is  plotted  from  Table  XII,  using  the 
grams  of  dye  absorbed  by  100  grams  of  quartz  flour  as  abscissas  and 
the  volume  of  solution  retained  by  the  quartz  in  the  capillary  spaces 
as  ordinates.     The  maximum  of  liquid  is  held  by  the  quartz  between 


Gi>umm  ^fy  ah^oeLmd  by    100  aramm  aua^tt 


FiQ.  2.--Curve  showing  the  relation  of  th&  quantity  o( 
gentian  violet  dye  absorbed  by  quartz  flour  to  the  volume 
of  solution  retained  by  the  quartz  after  settling. 


o  Patten  and  Gallagher,  Bui.  No.  51,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1907. 
ft  Trans.  Am.  Electrochem.  Soc,  10,  67  (1906). 
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its  particles  when  about  oncvthird  of  the  dye  which  can  be  taken  up 
by  the  grains  has  been  adsorbed. 

Table  XII. —  Volume  of  soltUion  in  the  capillary  spaces  of  quartz  flour  when  various 

quantities  of  gentian  violet  have  been  absorbed. 


Dye 

absorbed 

by  100 

f  rams  of 
e  quartz 
flour. 


Volume  of 

solution    ; 

retained  byi 

100  grams 

quartz 

flour. 


Dye 
absorbed 


Volume  of '        Dye 
w.^..^^      solution    I    absortted 
by  100      retained  by       by  100 

grams  of  i  100  grams      grams  of 
c  quartz      quartz       the  quartz 
flour.  flour.  flour. 


Voltune  of 

solution    i 

retained  by 

100  grams 

quartz 

flour. 


Oram. 

C.c. 

Oram. 

C.  c. 

Gram. 

C.c. 

0.000 

30.5 

0.0084 

50 

0.296 

34 

.017 

36 

.1901 

46 

.297 

ao 

.036 

38 

.266 

40 

.293 

29 

.074 

48 

.289 

37 

.290 

20 

Similar  measurements,  using  Hagerstown  loam  soil,  are  given  in 
Table  XIII.  The  maximum  pore  space  for  this  soil  evidently  is 
-attained  with  no  dye  present,  and  as  the  quantity  of  dye  absorbed  by 
the  soil  grains  increases  the  soil  settles  together  and  retains  less  and 
less  liquid,  then  expands  again  as  it  takes  on  more  dye,  till  when  1 
gram  of  dye  is  absorbed  by  100  grams  of  soil,  57  c.c.  of  solution  remains 
in  the  pore  spaces.  Further  increase  in  the  dye  absorbed  decreases 
the  volume  of  solution  in  the  capillary  spaces.  With  2  grams  of  dye 
to  100  grams  of  soil  45  c.c.  of  solution  is  held.  This  is  26.2  per  cent 
less  capillary  liquid  than  the  undyed  soil  retained,  and  21  per  cent  less 
than  is  held  by  the  soil  containing  1  gram  absorbed  dye  per  100  grams 
of  soil.  Marshall  silt  loam  also  shows  this  same  volume  effect,  as 
indicated  bv  the  data  in  Table  XIV. 

Table  XIII. —  Volume  of  solution  in  the  capillary  spaces  of  Hagerstoun  loam  when 

various  quantities  of  gentian  violet  have  been  absorbed. 


Dye 
absorbed 

by  100 
grams  soil. 


'  Volume  of 

solution 

retained  by 

100  grams 

soil. 


Oram. 

C.c. 

Orams. 

0.0 

61 

1.0 

.20 

56 

1.495 

.40 

54 

1.98 

.60 

55 

. 

Dye 
absorbed 

by  100 
grams  soil. 


Volume  of 

solution 

retained  by 

100  grams 

soil. 


C.c. 


67 
50 
45 


Table  XIV. —  Volume  of  solution  in  the  capillary  spaces  of  Marshall  silt  loam  when 

various  quantities  of  gentian  violet  have  been  absorbed. 


Dve  ab-      ^  ^l""!*"  ^^ 

?mc^«la      retained 
100  gmms        ,,y  100 

^°"-       ;  grams  soli. 


Orams. 
0.50    ! 
1.00 
1.50    , 


C.c. 


47 
50 
47 


Dye  ab- 

sorlied  by 

100  grams 

soil. 


Orams. 
3.7+ 


3.7-I- 


Voiume  of 

solution 

retained 

by  100 

grams  soil. 


C.c. 


39 
37 
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Table  XV. —  Volume  of  solution  in  the  capillary  spaces  of  quartz  when  various  quantities 

of  fosine  have  been  absorbed. 


B 

Eosine  ab- 
sorbed by 
100  grams 
quartz. 

Volume  of 

solution 

retained 

by  100 

grams. 

Eoslno  ab- 
sorbed by 
100  grams 
quartz. 

Volume  of 

solution 

retained 

by  100 

grams. 

Oram. 
0.00000 
.00135 

C.c. 
42 
30 

Gram. 
0.0348 
.42 

C.c. 
29 
29 

The  effect  of  eosine  dye  upon  the  volume  of  solution  which  quartz 
flour  can  retain  in  its  capillary  space  serves  to  further  correlate  floccu- 
lation  and  absorption  with  the  physical  condition  of  a  soil.  (Consid- 
ering the  data  given  in  Table  XV,  we  se^  that  the  absorption  of 
0.00135  per  cent  of  the  dye  reduces  the  volume  of  liquid  retained  from 
42  c.  c.  to  30  c.  c.  and  that  further  absorption  of  dye  has  very 
Uttle  effect  upon  the  volume  of  Uquid  in  the  pore  spaces.  Turning 
back  to  Table  XJI  and  figure  2,  it  appears  that  this  volume,  30  c.  c, 
is  the  same  as  the  lowest  volume  of  liquid  held  by  100  grams  of  quartz 
flour  when  its  absorption  capacity  for  gentian  violet  is  reached. 
These  suspensions  of  quartz  flour  in  eosine  solution  were  allowed  to 
settle  for  over  five  weeks,  and  when  the  supernatant  Uquid  was 
poured  off  in  each  case  quartz  particles  were  still  suspended  in  the 
liquid,  although  the  bottles  had  been  subjected  to  rapid  centrifugal 
treatment  for  two  days  at  the  beginning  of  this  period.  The  volume 
of  quartz  flour  not  yet  settled  from  the  eosine  solutions  was  insuf- 
ficient to  affect  the  accuracy  of  the  measurements  on  the  volume  of 
solution  retained  by  the  compact  mass  of  quartz  at  the  bottom  of 
each  bottle.  It  shows,  however,  that  the  eosine  dye  had  defloccu- 
lated  the  quartz  particles  and  that  the  smallness  of  the  volume  of 
solution,  30  c.  c,  retained  by  the  settled  quartz  flour  is  in  all  likehhood 
due  to  the  fact  that  these  particles  settled  from  suspension  as  single 
grains  or  in  small  aggregates,  i.  e.,  deflocculated.  The  quartz  suspen- 
sions in  gentian  violet  solution  were  very  noticeably  flocculated,  save 
for  the  high  concentrations,  where  long-continued  centrifuging  was 
necessary  to  clear  the  solution  of  suspended  quartz  particles.  And 
reference  to  figure  2  will  show  that  the  volumes  of  dye  solution 
retained  by  quartz  are  parallel  to  the  condition  of  the  system  as 
regards  flocculation,  the  small  volume,  30  c.  c,  being  held  by  quartz 
when  the  concentration  of  the  solution  in  gentian  violet  dye  is  high. 

It  is  evident,  then,  that  the  quantity  of  soluble  material  absorbed 
by  a  soil  has  a  marked  influence  upon  the  arrangement  of  the  soil 
grains  into  aggregates.  Different  salts  have  widely  different  effects 
upon  the  soil  structure,  and  the  particular  strength  of  soil  solution 
for  which  the  formation  of  soil  aggregates  is  a  maximum  is  not  the 
same  for  each  salt.  Consequently  where  mixed  solutions,  such  as 
those  which  exist  in  soils  \mder  field  conditions,  are  used  it  will 
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require  a  vast  deal  of  experimental  work  before  a  prediction  can  be 
made  as  to  the  exact  effect  of  a  particular  solution  upon  the  physical 
condition  of  a  soil. 

Nevertheless  the  above  treatment  of  the  effect  of  absorbed  mate- 
rial upon  the  physical  condition  gives  a  good  understanding  of  the 
agencies  at  work  in  the  formation  of  soil  structures.  And  when 
this  point  of  view  is  coupled  with  definite  data,  such  as  that  in 
Tables  XI  to  XV,  the  probable  effect  of  a  fertilizer  or  corrective 
upon  the  physical  condition  of  a  soil  may  be  given,  as  well  as  its 
addition  of  mineral  plant  nutrients.  This  is  especially  needed  since 
some  fertilizers  rich  in  mineral  plant  nutrients  are  ultimately  injuri- 
ous to  the  physical  condition  of  a  soil  in  a  very  high  degree. 

PEBCOLATIOH  0TXn)IS8. 

BECLAMATION  OF  BULCK  ALKALI  SOIL  BY  LEACHINa. 

The  reclamation  of  soils  containing  "black  alkali,"  or  soluble  car- 
bonates, presents  unusual  difficulties.  These  difficulties  are  due 
in  large  part  to  the  fact  that  soils  generally  show  decidedly  higher 
absorptive  powers  toward  bases  present  in  alkaline  solutions  than 
when  the  solutions  are  neutral  or  acid,**  and  that  the  presence  of 
hydroxides  or  carbonates  of  the  alkalies  frequently  induces  a  "pud- 
dling" of  the  soil,  preventing  a  thorough  penetration  by  water  and 
subsequent  removal  of  the  water,  with  its  dissolved  contents,  by 
drainage.  The  latter  effect  was  subjected  to  a  laboratory  investi- 
gation by  Cameron  and  Pat  ten,*'  using  two  "black  alkaU"  soils  which 
were  in  process  of  reclamation.*^  One,  a  sample  from  North  Yakima, 
Wash.,^  was  from  the  surface  8  inches  of  the  experimental  tract 
north  of  Wide  Hollow  Creek.  The  second  sample,*  from  the  Toft- 
Hansen  tract  at  Fresno,  Cal.,  was  from  the  upper  8  inches  of  soil 
in  a  spot  plainly  showing  "black  alkali"  at  the  surface.  When 
collected  there  were  only  a  few  scattering  spears  of  grain  on  this  spot, 
although  all  about  it  the  grain  had  made  a  good  stand.  When  the 
crust  formed  by  the  "alkali"  was  broken,  grain  was  foimd  which 
had  sprouted  but  had  not  been  able  to  push  through  the  crust.  A 
calcium  carbonate  hardpan  occurred  about  3  feet  below  the  sur- 
face, but  was  also  foimd  at  the  same  depth  in  adjoining  fields  on 
which  there  was  a  good  stand  of  barley. 

Chemical  analyses  of  the  water-soluble  salts  in  these  samples  by 
the  conventional  method^  of  digesting  the  sample  with  five  times 

a  See  Bui.  No.  30,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1905. 

6  Jour.  Am.  Chem.  Soc,  28,  1639  (1906). 

c  Bui.  No.  42,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1907. 

f^  Sample  No.  14413,  Bureau  of  Soils  collection. 

«  Sample  No.  14402,  Bureau  of  Soils  collection. 

fBul.  No.  18,  p.  65,  Bureau  of  Soils,  XJ.  S.  Dept.  Agr.,  1901. 
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its  weight  of  water  gave  the  re-suUs  shown  in  Table  XVI.  It  will 
be  observed  that  both  samples  were  of  the  same  type  of  alkali  soils, 
containing,  besides  the  soluble  carbonates,  notable  quantities  of 
sodium  sulphate,  with  much  less  amounts  of  other  sulphates  and 
chlorides. 

From  the  mechanical  analyses  of  these  samples  (Table  XVII), 
together  with  their  field  properties,  both  the  Yakima  and  Fresno 
soils  would  be  classified  as  fine  sandy  loams. 

Table  XVI. —  Water-soluble  constituents  in  soils  from   North    Yakima^  Weuh.,  and 
Fresno,  Cal.,  extracted  by  digesting  one  part  of  soil  with  five  parts  ofwat^t. 


ConNtltuent. 


Ca. 
Mg. 

Na. 
K.. 
SO4 


North 
Yakima. 

Fresno. 

Per  cerU. 

Per  cent.  1 

Tr. 

Tr. 

0.02 

Tr. 

.24 

0.13 

.03 

.02 

.18 

.09 

Constituent. 


North 
Yakima. 


CI 

TICO, 

CO, 

Total 


Per  cent. 

0.03 

.27 

.10 


.87 


.Fresno. 


Per  cent. 
0.03 
.16 
.02 


.45 


Table  XVII. —  Mechanical  analyses  of  soils  from   North    Yakima,    Wash.,  and  from 

Fresno,  Cal. 


Conventional  name. 


Fine  gravel... 
Coarse  sand... 
Medium  sand. 

Fine  sand 

Very  fine  sand 

Silt 

Clay 


Diameter. 

North 
Yakima. 

Fresno. 

vm. 

Percent. 

Percent. 

2    tol 

Tr. 

0.1 

1     too.  5 

1.3 

2.1 

0.5    too.  25 

2.5 

3.7 

0.25  to  0.01 

12.8 

24.7 

0.01   to  0.05 

21.2 

33.6 

0.05  toO.005 

48.6 

20.5 

0.005  too 

13.5 

6.2 

EXPERIMENTAL   METHODS. 

The  method  of  percolation  was  essentially  the  same  as  that  em- 
ployed by  Schreiner  and  Failyer,"  with  the  exception  that  a  constant 
water  pressure  was  maintained  instead  of  keeping  the  rate  of  perco- 
lation constant.  One  hundred  grams  of  soil  were  placed  in  a  par- 
affined brass  tube  fitted  below  with  a  short  section  of  a  Pasteur- 
Chamberland  filter  tube,  and  distilled  water  allowed  to  percolate 
through  the  soil  under  a  constant  water  pressure  of  199  cm.,  or  6.5 
feet. 

The  volume  of  each  percolate  was  measured,  its  electrical  con- 
ductivity taken  with  a  field  bridge,**  and  its  time  of  flow  recorded. 
Normal  carbonates  (CO3)  and  bicarbonates  (HCOj)  were  then  deter- 
mined volumetric^lly  with  standard  acid  potassium  sulphate  solution 
and  the  chlorine  titrated  with  tenth  normal  silver  nitrate  solution, 
using  potassium  chromate  as  indicator.     Sulphates  were  not  deter- 

«Jour.  PhyB.  Chem.,  10,  239,361  (1906).     Bui.  No.  32,  Bureau  of  Soils,  U.  S.  Dept. 
Agr.,1906. 

&Bul.  No.  15,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1899,  p.  15. 
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mined,  because  the  amounts  here  involved  are  too  small  to  have  any 
great  ,t9^<^ul^ui'^l  significance  and  the  analytical  difficulties  in  hand- 
ling quantities  of  this  magnitude  woukl  be  unjustifiably  great. 

RESULTS    WITH    SOIL   FROM    NORTH    YAKIMA. 

The  data  obtained  with  the  Yakima  soil  are  given  in  Table  XVIII. 
The  first  column  gives  the  time  during  which  percolation  has  been 
progressing;  the  second  column,  the  total  volume  of  percolate;  the 
third  column,  the  conductivity  of  the  successive  percolates,  at  25°  C, 
expressed  in  reciprocal  ohms  multiplied  by  1,000,  which  may  be  con- 
verted to  "specific  conductivity^'  by  multiplying  by  the  cell  factor, 
3.57.  The  next  three  columns  give  concentrations  in  the  successive 
leachings,  and  the  last  three  columns  show  the  total  amounts  of  the 
several  constituents  removed  from  the  soil. 

Table  XVIII. — Extraction  of  alkali  salts  from  North  Yakima  soU  by  leaching. 


Thne. 

Volume 
of  perco- 
late 

Conductiv- 
ity of  BUC- 
cessive  por- 
tions of  per- 

Concentration of  suc- 
cessive portions   of 
percolate  in  ppm.  of 
solution. 

Total  quantity  of  constit- 
uents leached  from  100 
grams  of  soil. 

passed. 

colate  X  lOs. 

1 

C.  f . 

T=-25°C. 
Ohms. 

CO,. 
Ppm. 

HCOi.       CI. 

CO,. 

HCOs. 
Oram. 

a. 

Hows. 

Ppm. 

Ppm. 

Oram. 

Oram. 

48 
120 
216 

37 

101 
170 

84 
196 
171 

1,160 

1.586 

753 

193 
110 
152 

0.00304 
.0156 
.0274 

0.0424 
.1439 
.1962 

0.00715 
.01420 
.02470 

5l76 

264 

242 

a62 

223 

406 

4 

.0433 

.2252 

.02498 

312 

312 

4.07 

168 

445 

2 

.0550 

.2563 

.02512 

360 

383 

a98 

128 

403 

3 

.0641 

.2849 

.02533 

432 

473 

a38 

89 

385 

4 

.0722 

.3199 

.02569 

480 

539 

2.94 

64 

388 

4 

.0704 

.3451 

.02505 

558 

629 

2.80 

73          321 

1 

.0629 

.3740 

.02607 

726 

739 

2.49 

73 

263 

0.7 

.0909 

.4029 

.02615 

778 

829 

2.17 

73 

218 

Tr. 

.0974 

.4225 

827 

917 

2.04 

07 

221 

.1034 

.4420 

873 

092 

1.90 

78 

158 

.1093 

.4538 

1 

940 

1,097 

1.71 

78 

130 

.1173 

.4675 

088 

1.184 

1.77 

50 

170  , 

.1219 

.4823 

1,065 

1,314 

1.63 

42 

185 

.1273 

.5065 

1,114 

1,396 

1.51 

34 

164 

.1301 

.5203 

1,163 

1,485 

1.33 

22 

170 

.1322 

.5352 

1,210 

1,562 

1.24 

27 

145 

.1343 

.6470 

1,259 

1,642 

1.03 

22 

127 

.1361 

•    .5583 

1,306 

1.716 

1.03 

6 

139 

.1365 

.5683 

1,378 

1.831 

1.00 

8 

130 

.1372 

.5733 

1,443 

1,951 

.91 

11 

109 

.1385 

.5864 

1,499 

2.060 

.93 

11 

116 

.1306 

.6978 

1.566 

2,138 

.83 

8 

103 

.1404 

.6069 

1,614 
1,665 
1,711 

2,216 
2,306 

.74 

6 

94 

.6142 

.71 

6 

85 

\ 

.5214 

2,378 

.68 

6 

79 

1 

.6271 

1,785 

2.490 

.61 

6 

73 

' 

.6353 

1,836 
1,884 
1,932 

2,580 

.50 

0 

79 

1 

.6^ 

2,673 
2,768 

.69 

0 

67 

1 

.6487 

.51 

0            67  ' 

.6551 

2,004 

2,906 

.45 

0  1          07  ' 

.6645 

2,076 

3,028 

.48 

0            01    ' 

.6718 

2.148 

3,148 

.43 

0            55    ' 

.6784 

2,340 

3,378 

0  1          51    

.6900 

2,460 

3,563 
3.813 

0            41 

.6906 

2,580 

.51 

42    

.7093 

2,772 

4,068 

42    

.7209 

2,887 

4,276 

i          39    

.7283 

3,007 

4,526 

.48 

3f)    

3,125 

4,741 
4,941 

.49 

36' 1 : 

3,246 
3,391 

.40 

33    

5,201 
5,528 

.44 

24    



3.583 

.53 

9   

3,803 

5,968 

.30 

18    

3,899 

6.142 

.42 

1« 

: 1 1 

i 

1 

1 

78 


ABSORPTION    BY  SOILS. 


All  inspection  of  the  results  presented  in  Table  XVIII  shows  that 
while  the  water  passing  through  the  soil  is  kept  under  a  constant  head 
the  rate  of  percolation  is  not  constant,  but  varies  somewhat  from  time 
to  time.  The  first  water  entering  the  dry  soil  runs  through  quite  rap- 
idly, but  as  soon  as  the  soil  becomes  saturated  it  moves  much  more 
slowly.  Variations  in  the  rate  of  percolation  are  subsequently  ob- 
served, due  undoubtedly  in  some  cases  to  * 'channeling"  in  the  soil,  in 
some  cases  probably  to  ** silting  up"  of  channels,  and  in  other  cases 
partly  to  the  fact  that  as  the  percolation  proceeds  the  strongly  defloc- 


OS 
07 

^ ^ 

$06 

- 

jiSS*"'"'''^''^ 

^ 

y 

■ 

y^ 

/ 

r 

■ 

/ 

• 

1 

^ 

/ 

|o2 

/ 

.  J 

J 

* 

•<4 

7 

1 

./ 

CO^^^f^ 

— *-* 

s 

L 

I^^Si—. 

> 

fObO  2000  3000  4000 

TOTAL   Ct/BW   C£^r/M£r£/fS    OF   PlRCOLATl 


dOOO 


Fig.  3.— Curve  showing  the  total  quantities  o(  carbonates,  bicar bona tos,  and  chlorine  removed  by 

percolating  North  Yakima  blaclc  alkali  soil  with  distilled  water. 

culating  action  of  the  alkali  diminishes  as  its  quantity  decreases,  so 
that  the  soil  behaves  as  if  it  suffered  a  change  in  texture  as  well  as  in 
structure.  For  these  reasons  the  concentrations  of  the  successive  por- 
tions of  the  percolates,  as  evidenced  by  the  conductivity  as  well  as  by 
the  analyses,  do  ilot  show  a  regularly  progressive  change,  although  on 
the  whole  the  concentrations  become  lower  and  lower  as  percolation 
proceeds.  These  results  are  in  harmony  with  man}''  field  observa- 
tions  where  it  has  been  found  that  the  concentration  of  a  drainage 
water  may  vary  over  quite  a  wide  range,  depending  upon  the  rate  at 
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which  the  applied  water  moves  through  the  soil  and  upon  the  length 
of  time  of  contact  between  the  water  and  soil,  since  considerable  time 
is  necessary  for  equilibrium  to  result  between  the  salts  dissolved  and 
those  remaining  in  the  soil.^ 

In  the  present  case  chlorides  had  practically  disappeared  after 
778  hours,  when  829  c.  c.  of  water  had  passed  through  the  soil 
Normal  carbonates  failed  to  appear  in  the  percolate  after  1,614 
hours,  when  2,216  c.  c.  of  solution  had  passed.  This  does  not  mean, 
however,  that  no  normal  carbonates  remained  in  the  soil,  for,  as 
has  been  previously  shown  in  this  laboratory,*  dilution  of  a  normal 
carbonate  causes  a  change  with  formation  of  bicarbonate.  It  is 
certain  that  after  1,614  hours  the  amount  of  normal  carbonates  in 
the  solution  has  been  re- 
duced to  a  point  below  that 
dangerous  to  plant  growth. 
The  alkali,  in  the  form 
of  bicarbonates,  however, 
continued  to  be  leached 
from  the  soil  after  perco- 
lation had  proceeded  for 
120  days  and  a  total  vol- 
ume of  over  4,200  c.  c.  had 
passed  through  the  soil. 
The  results  are  readily  seen 
in  figure  3,  where  the  ab- 
scissas are  total  volume  of 
percolate  and  the  ordinates 
total  grams  of  the  several 

constituents 'removed  from    ^*®"  ^•— ^u've  showing  the  quantity  of  bicarbonate  in  solu- 
,  .|        rpu  ^^^^   ^^  ^^®  Bucoessive  percolates  when  North  Yakima 

the    sou.       Ine    curves    are       Wack  alkali  is  leached  with  distilled  water. 

all    asymptotic.      In    the 

case  of  the  chlorides  and  normal  carbonates,  as  noted  above,  the 
amounts  in  the  successive  portions  of  percolate  soon  become  too 
small  to  determine  accurately;  but  in  the  case  of  the  bicarbonate, 
amounts  could  still  be  readily  determined,  while  the  nm  of  the 
figures  in  the  table  and  the  shape  of  the  curve  show  that  at  the 
termination  of  the  experiment  the  amount  in  the  successive  por- 
tions of  percolate  was  slowly  diminishing.     This  is  brought  out  more 

oBul.  No.  33,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1906,  and  Jour.  Am.  Chem.  Soc., 
28,1229(1906). 

b  Bui.  No.  18,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1901;  Jour.  Phys.  Ghem.,  6,  537 
(1901). 
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clearly  in  figure  4,  in  which  the  ortlinates  represent  the  concentra- 
tions in  parts  per  million  in  successive  portions  of  the  percolate. 
This  result  is  analogous  to  former  leaching  experiments  made  in  this 
laboratory.  An  inspection  of  the  results  for  bicarbonates  shows,  more- 
over, that  if  the  first  few  observations  be  disregarded  the  leaching 
curve  is  described  with  fair  accuracy  by  the  equation 

proposed  by  Schreiner  and  Failyer.** 

RESULTS    WITH    SOIL    FROM 
FRESNO. 

In  working  w-ith  the 
Fresno  sample  the  same  ex- 
perimental difficulties  were 
encountered  as  with  the 
Yakima  sample,  in  that 
changes  in  flocculation  and 
channeling  materially  af- 
fected the  rate  of  leaching. 
In  Table  XIX  are  given  the 
rates  of  leaching  during  the 
earlier  part  of  the  experi- 
ment. The  results  are  more 
clearly  shown  in  figure  5. 
It  is  seen  that  at  first  there 
is  a  rapid  fall  in  the  rate, 
and  then  as  percolation 
proceeds,  with  the  forma- 
tion of  channels  and  an  in- 
500  crease  in  the  flocculation 
due  to  the  partial  removal 
of  the  alkali,  there  is  an  in- 
crease in  the  rate  of  per- 
colation, becoming  quite 
regular  after  about  300  c.  c.  have  passed  through  the  soil.  It  is 
believed  that  these  changes  in  the  physical  condition  of  the  soil  as 
affecting  percolation  in  these  experiments  are  very  helpful  in  show- 
ing what  may  be  expected  in  field  practice,  although  it  must  be 
remembered  that  the  intermittent  leaching  to  which  the  soil  is  sub- 
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FiQ.  5.— Curve  showing  the  progressive  change  in  the  rate 
of  percolation  as  the  soluble  salts  are  extracted  from 
Fresno  black  alkali  soil  by  distilled  water. 


oBul.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1906. 
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jected  in  the  field  should  be  more  effective  than  the  laboratory  results, 
at  least  in  so  far  as  respects  the  volume  of  water  required. 

In  Table  XX  are  given  the  data  obtained  from  the  leachings  of  the 
Fresno  soil,  which  are  also  shown  in  figures  6  and  7. 
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FiQ.  6.— Curve  showing  the  total  quantities  of  carbonates,  bicarbonates,  and  chlorine  removed  by 

percolating  Fresno  black  alkali  soil  with  distilled  water. 


Table  XIX. — Rate  of  leaching  through  soil  from  Fresno. 


Total 
percolate. 

Quantity 
per  hour. 

!      Total 
,  percolate. 

C.c. 
101 
150 
238 

Quantity  | 
per  hour.  . 

ToUl 
percolate. 

C.  c. 
295 
3G8 
443 

Quantity 
per  hour. 

C.c. 
0.73 
1.06 
1.46 

C.c. 
20 
31 
49 

C.  c. 
0.83 
.23 
.38 

C.c. 
0.54 
.GO 
.66 

35673— Bull.  52—08- 


-6 


82 


ABSORPTION   BY  SOILS. 


Table  XX. — Extraction  of  alkali  talt^from  Fresno  soil  by  leaching. 


Time. 


Hours. 
24 
72 
120 
216 
312 
432 
510 
578 
630 
(T79 
724 
791 

OOtf 

916 
904 
1,014 
1,061 
1,110 
1,157 
1,229 
1,301 
1,357 
1,424 
1.472 
1,523 
1.660 
1,643 
1,694 
1,742 
1,790 
1,862 
1,934 
2,006 
2,196 
2,318 
2,438 
2,630 
2,745 
2,865 
2,963 
3,128 
3,272 
3.468 
3.688 
3,780 


Volume 
of  per- 
colate 
paased. 


r.c. 

20 

31 

49 

101 

159 

238 

295 

368 

444 

514 

572 

656 

724 

833 

912 

1.000 

1.083 

1.162 

1,230 

1.345 

1.459 

1,558 

1,667 

1,744 

1,829 

1,905 

2.017 

2,104 

2,185 

2,271 

2,393 

2,513 

2,626 

2.856 

3.061 

3,291 

3,576 

3,756 

3,9m 

4.126 

4,346 

4,534 

4,796 

5.136 

5.284 


Conductiv- 
ity of  suc- 
cessive por- 
tions of  per- 
coUite  X  10«. 
T-25*  C. 


Concentration  of  suc- 
cessive portions  of 
percolate  in  p.p.m. 
of  solution. 


COi 


Mhos.        P.p.m. 


87 

31 

37 

603 

243 
.842 
.680 
.59 
.32 
.53 
.49 
.401 

.am 

.361 
.851 
.376 
.417 
.400 
.370 
.334 
.307 
.312 
.283 
.296 
.293 
.293 
.292 
.235 
.209 
.202 


81 

45 

23 

12 

12 

3 

1 

0 


HCO«. 


P.p.m. 

1,514   ^ 

4,125    j 

2.860    I 

1,370 

475 

297 

206 

137 

112 

105 

79 

73 

67 

64 

55 

33 

33 

33 

43 

42 

42 

37 

27 

21. 

19 

15 

12 

15 

18 

18 

15 

15 

15 

17 

18 

18 

25 

15 

9 

6 

6 

6 

3 

3 

3 


CI. 


P.p.m. 
352 
961 
489 
101 
0 


Total  quantity  of  constit- 
uents leached  from  100 
grams  of  soil. 


CO.. 


Oram. 


0.0042 
.0068 
.0086 
.0092 
.0100 
.0102 
.0103 


HCO, 


Oram. 

0.0303 
.0757 
.1268 
.1961 
.2256 
.2489 
.2606 
.2706 
.2791 
.2865 
.2911 
.2972 
.3017 
.3087 
.3131 
.3160 
.3187 
.3214 
.3242 
.3291 
.3340 
.3376 
.3406 
.3422 
.3437 
.3449 
.3462 
.3475 
.3490 
.3506 
.3524 
.3542 
.3559 

.  oodo 

.3635 
.3677 
.3745 
.3773 


Ci. 

Oram. 
0.0070 
.0176 
.0264 
.0317 


COMPARISON    OF   RESULTS   FOR   THE   TWO   ALKALI    SOILS. 

In  general  the  results  for  Fresno  soil  are  very  similar  to  those 
obtained  with  the  heavier  soil  from  Yakima,  but,  as  might  reasonably 
be  expected,  the  soluble  salts  disappear  more  rapidly  from  the  lighter 
soil.  It  is  also  worthy  of  note  that  in  the  case  of  the  Fresno  soil  the 
curve  for  chlorides  (fig.  6)  lies  above  that  for  normal  carbonates, 
while  the  reverse  is  the  case  with  the  Yakima  soil  (fig.  3);  but  this 
is  not  a  case  of  selective  absorption,  for  the  Yakima  soil  contained, 
initially,  much  more  of  the  carbonates  than  did  the  Fresno  sample, 
while  both  contained  approximately  the  same  quantities  of  chlorides. 
Further,  the  later  leachings  are  more  dilute  than  in  the  case  of  the 
heavier  Yakima  soil,  indicating  that  the  latter  possesses  a  higher 
absorptive  power. 
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The  leachings  from  the  two  soil  samples  here  described  have  re- 
sulted in  the  removal  of  larger  total  quantities  of  soluble  salts  than 
is  indicated  by  the  standard  method  of  analysis.  The  quantity  of 
carbonates  removed  by  the  leaching  process  agrees,  within  the  lim- 
its of  experimental  error,  with  the  amounts  found  by  digesting  the 
soil  with  five  times  its  weight  of  water.  In  the  case  of  normal  car- 
bonates the  continuous  leachings  as  compared  with  the  digestion  used 
in  the  analytical  pro- 
cedure, showed  slightly 
more  in  the  Yakima  soil 
and  somewhat  less  in  the 
Fresno  sample.  The 
differences  are,  how- 
ever, so  small  as  to  be 
quite  possibly  ascribed 
to  analytical  errors. 
But  it  should  be  remem- 
bered that  the  addition 
of  much  water  has  the 
effect  of  converting  a 
part  of  the  normal  car- 
bonates into  bicarbon- 
ates,  and  it  is  in  respect 
to  this  constituent  that 
the  leaching  process 
yields  much  higher  re- 
sults than  does  the  em- 
pirical analytical  meth- 
od, which  can  not  take 
cognizance  of  absorp- 
tion effects.  The  re- 
sults on  the  whole  indi- 
cate that  the  empirical 
procedure  with  the 
known  inherent  defects 
nevertheless  gives  a 
very  fair  idea  of  the 
soluble  constituents  of  the  soil  where  the  generally  impracticable 
method  of  leaching  can  not  be  employed. 

During  the  latter  half  of  each  percolation  experiment  the  con- 
ductivities of  the  successive  percolates  show  irregular  deviations  from 
a  fairly  constant  value,  while  the  titration  number  for  successive 
percolates  slowly  diminishes.  In  the  case  of  the  North  Yakima  soil 
this  mean  value  of  the  conductivity,  and  also  the  titration  numbers, 
are  somewhat  higher  than  for  the  Fresno  soil. 


ItW 
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Fio.  7.— Curve  showing  the  quantity  of  bicarbonate  in  solation 
in  the  successive  percolates  when  Fresno  black  alkali  soil  is 
leached  with  distilled  water. 
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The  leaching  results  presented  above  indicate  the  following  con- 
clusions :  Neutral  salts,  such  as  chlorides,  in  the  presence  of  carbonates 
are  comparatively  easy  to  leach  from  the  soil.  With  continued  leach- 
ing of  the  soils  containing  '* black  alkali"  there  is  an  increase  in  the 
rate  at  which  percolation  takes  place,  due  probably  to  the  reduction 
of  the  amount  of  alkali  present  and  to  a  consequent  effect  on  the 
physical  structure  of  the  soil.  With  continued  leaching  there  is  a 
comparatively  rapid  reduction  of  normal  carbonates  in  the  soil 
water,  due  in  large  measure  to  conversion  to  bicarbonates.  Bicar- 
bonates  are  rapidly  removed  at  first  and  then  continue  to  be  slowly 
removed  in  the  soil  water  in  very  small  quantities,  diminishing  for 
an  indefinite  period.     The  leaching  curves  conform  fairly  well  to 

the  rate  equation,  ^=^  K(A—y), proposed  by  Schreiner  and  Failyer. 

Soils  containing  '* black  alkali"  can  be  reclaimed  by  leaching  (i.  e., 
flooding  with  underdrainage),  but  the  time  and  amount  of  water  re- 
quired is  probably  much  greater  than  in  the  case  of  * 'white  alkali." 

BFFICIENGY  OF   GALCTUH   SXJIiPHATE  IN   REMOVING  BLACK 


Calcium  sulphate  has  been  proposed  as  a  remedy  for  the  injurious 
effect  of  black  alkali  upon  growing  plants.  In  order  to  test  the  effect 
of  calcium  sulphate  upon  the  removal  of  sodium  carbonate  and 
bicarbonate  under  percolation  conditions,  four  experiments  were 
undertaken.  In  experiments  (1)  and  (3)  of  Table  XXI,  100  grams 
of  the  natural  alkaU  soils  from  North  Yakima,  Wash.,  and  from 
Fresno,  Cal.,  were  used.  Part  of  each  soil  in  dry  powder  (70  grams) 
was  slowly  poured  into  the  brass  percolation  tube  and  allowed  to 
settle  down  through  the  water  in  it  and  form  a  percolation  bed. 
The  remainder  (30  grams)  was  meanwhile  rubbed  up  with  10  grams 
of  calcium  sulphate  and  then  poured  into  the  tube  with  the  rest  of 
its  sample,  where  it  settled,  forming  a  top  layer  rich  in  calcium  sul- 
phate. Distilled  water  was  then  added  from  time  to  time,  replac- 
ing that  which  passed  through  the  soil.  The  presence  of  the  cal- 
cium sulphate  was  immediately  evident  from  the  rapidity  with 
which  the  solution  passed  down  through  the  soil,  whereas  the 
untreated  natural  alkali  soils  when  moistened  puddle  immediately 
and  in  the  apparatus  used  in  this  work  require  several  feet  of  water 
head  to  produce  percolation. 

A  separate  series  of  experiments,  carried  out  under  equilibrium 
conditions  with  the  North  Yakima  soil,  showed  that  when  the 
theoretical  amount  of  calcium  sulphate  required  to  react  with  the 
carbonate  and  bicarbonate  is  added  and  rubbed  into  the  soil,  and 
the  soil  shaken  with  water  and  allowed  to  settle,  the  sediment  thus 
obtained  occupies  a  greater  volume  than  that  for  greater  or  less 
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additions  of  the  calcium  sulphate.  This  maximum  point  is  as  yet 
not  so  definitely  determined  as  the  above  statement  might  indicate, 
but  nevertheless  shows  the  effect  of  calcium  sulphate  upon  the 
volume  and  openness  of  this  soil  when  saturated  with  water,  as  it  is 
in  the  percolation  tube.  A  similar  series  of  experiments  with  the 
Fresno  soil  gave  corresponding  results,  but  here  the  maximum 
volume  of  sediment  was  not  reached  until  three  times  the  quantity 
of  calcium  sulphate  equivalent  to  the  carbonates  and  bicarbonates 
in  the  soil  had  been  added.  Experiments  (2)  and  (4)  were  Ukewise 
made  with  the  Yakima  and  Fresno  soils,  the  experimental  conditions 
being  the  same  as  in  experiments  (1)  and  (3),  save  that  sodium  chlo- 
ride was  added  to  each  soil  in  sufficient  quantity  to  bring  its  per- 
centage content  up  to  that  of  an  average  black  alkaU  sample  h*om 
the  particular  locaUty  to  which  each  soil  belongs.  This  was  necessary 
since  these  samples  proved  low  in  chlorides,  and  it  was  desirable 
to  use  them  in  this  work  because  their  loss  of  carbonates  and  bicar- 
bonates had  been  already  determined  under  known  percolation 
conditions,  and  could  serve  for  comparison  with  this  similar  series 
in  which  calcium  sulphate  is  present. 

The  sodium  chloride  was  added  dry  to  the  alkali  soils,  rubbed  up, 
water  added  to  make  a  paste,  the  soil  allowed  to  dry,  and  again 
broken  up;  calcium  sulphate  was  then  worked  into  the  top  30  grams 
as  for  experiments  (1)  and  (3). 

Table  XXI. — Effect  f>/ calcium  fidphaU  upon  the  reTnovol  of  black  alkali  by  leaching. 


Soil. 


North  Yakiina. 


Do. 


Fresno. 


Do. 


Volume 
of  per- 
colate 

passed. 

CaS04 
added. 

Qrams. 
10 

Naa 
added. 

Grams. 


Concentration  of  jwr- 
colate. 

Total  constituents 

leached  from  100 

grams  soil. 

CO*. 

HCOi. 

CI. 
P.  p.  m. 

co». 

HCOs. 

Cl. 

C.c. 

(       30 

86 

267 

296 

J      334 

1       465 
527 
730 
807 
951 

r        30.5 

45 

177 

230 

333 

381 

426 

13.5 

34 

144 

296 

415 

573 

672 

122 
173 
281 
316 
I      450 

P.  p.  m. 

60 

0 

P.  p.  m. 

656 

466 

193 

58 

40 

39 

Granu. 
0.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.66615 
.008 
.0112 
.0158 

.6158  ' 

Grams. 

0.0197 

.0459 

.0926 

Grams. 

.0936   

39 
37 
51 

.1014   

.1080   



.1148 
.1206 
.0068 
.0089 
.0125 
.0229 
.0323 
.0360 

1 

40 
223 
142 

10 

0.75 

6,560 
4.780 

0.2002 

io 

60 
60 
45 

.2672 

182         1,333 

197  ;           42 

91  !            10 

76 ;          0 

47               0 

.4427 

. 

.465 

' 

.466 

. . 

.0428  '      .466 

10 



1,400 
1,515 
223 
46 
42 
52 
49 

.0189 
.0492 
.0738 
.0808 

.0866  ' 

.0938 : -- 

_ 

.0984 
.0039 
.0185 
.0202 
.0250 
.0265 
.0326 

10 

.335 

263 
136 
53 
44 
43 
45 

10,640 

5,250 

21 

0 

0 

0 

"."66i6" 

........ 

.ooie" 

.1506 

15 

.7216 

.7323 

.  ..  , 

.7323 

1 

86  .  ABSORPTION   BY  SOILS. 

The  headings  of  Table  XXI  are  self-explanatory.  Table  XXII 
contains  a  summary  of  the  most  important  points  brought  out  in 
Table  XXI  and  in  the  leaching  experiments  on  these  soils,  already 
given,  using  only  distilled  water. 

For  the  North  Yakima  soil  containing  gypsum  the  quantity  of  car- 
bonates in  the  successive  percolates  decreased  continually,  whereas 
in  the  natural  alkali  soil  an  intermediate  portion  of  the  percolate 
had  the  highest  content.  Furthermore,  the  concentration  of  bicar- 
bonate in  the  percolates  from  the  soil  treated  with  calcium  sulphate 
were  many  times  lower  than  the  corresponding  concentration  of  the 
percolate  from  the  imtreated  soil. 

Moreover,  using  distilled  water  alone  2,490  c.  c.  were  passed  before 
all  the  normal  carbonate  was  leached;  but  with  calcium  sulphate 
present,  all  the  normal  carbonates  came  out  in  the  first  30  c.  c.  of  per- 
colate, and  this  volume  of  liquid  is  very  nearly  that  required  to  satu- 
rate this  soil  with  water;  therefore  it  is  very  likely  that  the  calcium 
sulphate  solution  from  the  top  layer  of  soil  in  the  percolation  tube 
did  not  react  with  this  first  percolate  to  its  full  extent,  but  pushed 
this  solution  on  before  it  and  out  of  the  soil.  That  some  reaction 
had  taken  place  is  shown  by  the  decrease  of  nearly  one-half  (43.4  per 
cent)  in  the  quantity  of  bicarbonates  present  in  even  this  first  per- 
colate. 

Distilled  water  leached  in  all  0.7283  gram  bicarbonate  from  the 
natural  soil,  while  with  calcium  sulphate  present  only  0.1206  gram 
bicarbonate  appeared  in  the  filtrate.  Using  calcium  sulphate,  only 
one-tenth  of  the  volume  of  water  was  required  to  reduce  the  con- 
centration of  bicarbonate  in  the  percolate  to  40  parts  per  million. 
Experiment  2  indicates  that  the  presence  of  sodium  chloride  in  quan- 
tity does  not  materially  reduce  the  efficiency  of  calcium  sulphate, 
since  the  chloride  is  rapidly  removed.  After  177  c.  c.  of  percolate 
had  passed  the  concentration  was  only  42  parts  per  million  chlorine  in 
solution  and  after  333  c.  c,  no  chlorine  appeared  in  the  runnings. 

For  the  Fresno  soil  a  comparison  of  the  first  six  percolates  of  Table 
XXI  with  those  of  Table  XX  shows  that  calcium  sulphate  has  re- 
duced the  concentration  of  the  carbonates  in  the  percolates  far 
below  that  from  the  natural  soil. 

Here,  too,  the  calcium  sulphate  maintained  an  open  structure  in 
the  soil  favorable  to  a  steady  percolation;  and  the  ready  access  of 
solution  to  the  soil  contributes  to  the  completeness  of  the  conversion 
of  the  alkaline  carbonates  in  the  soil  into  the  slightly  soluble  calcium 
carbonate,  with  the  consequent  rapid  disappearance  of  bicarbonate 
and  normal  carbonate  in  the  percolate  as  shown  in  experiments  3 
and  4,  Table  XXI.  In  both  of  these  experiments  the  conversion 
of  normal  carbonate  to  calcium  carbonate  is  seen  to  be  very  nearly 
complete  siiice  normal  carbonate  is  practically  absent  from  the 
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leachings,  where  sodium  chloride  is  added;  and  it  was  not  found,  in 
the  percolate  where  only  calcium  sulphate  had  been  added  to  the 
soil.  To  reduce  the  concentration  of  the  percolate  from  the  natural 
soil  to  40  parts  per  million  bicarbonate,  required  1,000  c.  c.  of  water; 
but  on  adding  calcium  sulphate  only  about  one-third  of  this  volume 
of  percolate  was  needed  to  reach  this  same  concentration  of  bi- 
carbonate. 

The  total  quantity  of  bicarbonate  leached  by  3,756  c.  c.  of  water 
from  the  natural  soil  was  0.3773  gram.  When  672  c.  c.  of  water 
had  been  passed  throuh  the  soil  treated  with  calcium  sulphate, 
0.0984  gram  bicarbonate  had  been  removed.  Supposing  that  the 
concentration  in  succeeding  percolates  had  remained  constant  at 
40  parts  per  million  bicarbonate,  and  they  imdoubtedly  averaged 
much  below  this  figure,  the  passage  of  3,084  c.  c.  additional  water 
would  have  carried  into  solution  0.1234  gram  of  bicarbonate,  mak- 
ing in  all  0.2218  gram.  This  is  without  doubt  much  higher  than 
experiment  would  have  shown,  but  even  so  is  60  per  cent  of  the 
quantity  which  was  actually  washed  from  the  untreated  soil. 

Table  XXII. — Effect  of  calcium  sulphate  upon  the  removal  of  black  alkali  by  leaching. 


Soil. 


North  Yakima, 

Do 

Do 

Fresno 

Do 


NftfCOi 
added. 


Qrama. 


CaSO^ 
cdded. 


Orama. 


10 
10 


NaCl 
added. 


Gram. 


Carbonate. 


Maximum 

COaln 

solution. 


Water  re- 
quired to 
remove 
CO,. 


0.76 


Do. 


10 
10 


.335 


P.  p.  m. 
223 
60 
60 
81 
0 
15 


C.  c. 

2,460 

30 

333 

OT9 

0 

122 


Total  CO| 

leached 

(100  gs. 

soil). 

Oram. 

0.1404 
.002 
.0158 
.0103 

0 
.0016 


Bicarbonate. 


Soil. 


Maximum 
HCO,  in 
solution. 


i 


North  Yakima 

Do 

Do 

Fresno 

Do 

Do 


P.  p.  m. 

4,100 

6S6 

223 

4,125 

1.515 

263 


Minimum 
HCO,  in 
solution. 


Water  re- 
quired to 
;    reduce 
•  HCOsto 
minimum. 


P.p. 


m. 
39 
40 
47 
33 
46 
45 


C.  c. 

4,276 

-      334 

426 

1,014 

206 

450 


Chlorine. 


Total 

HCO, 

leached 

(100  gs. 

SOU). 


Maximum 
chlorine  in 
solution. 


I 


Oram. 
0.7283 
.1206 
.0428 
.3773 
.0064 
.0326 


Water  re- 
quired to 
remove 
chlorine. 


P.  p.  m. 
193  i 


C.  c. 
739 


Total 
chlorine 
leached. 


Oram. 
0.02615 


The  presence  of  sodium  chloride  in  Yakima  black  alkali  soil  causes 
decrease  in  the  quantity  of  bicarbonates  which  must  be  leached 
before  the  percolates  reach  a  concentration  below  that  dangerous  to 
plants.  When  above  400  c,  c.  of  the  liquid  had  percolated,  the  solu- 
tion had  reached  a  fairly  steady  concentration.  At  this  point  over 
0.09  gram  of  bicarbonat0  has  been  leached  from  the  soil  containing 
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no  additional  sodium  chloride,  whereas  the  same  volume  of  percolate 
removed  about  0.04  gram  of  bicarbonate  from  the  soil  which  had 
been  treated  with  gypsum  and  sodium  chloride.  The  same  phe- 
nomenon is  met  in  the  case  of  the  Fresno  soil.  In  the  case  of  the 
Yakima  soil  the  increase  in  the  bicarbonate  in  the  percolates  is  evi- 
dently due  to  the  rapidly  decreasing  quantity  of  sodium  chloride 
present.  For  both  soils  the  final  removal  of  sodium  chloride  is  accom- 
panied by  an  almost  abrupt  drop  in  the  concentration  of  the  perco- 
late with  respect  to  bicarbonate. 

In  conclusion,  these  experiments  indicate  that  the  use  of  gypsum 
facilitates  the  removal  of  black  alkali  from  soil,  although  at  the  same 
time  it  adds  to  the  total  quantity  of  alkali  present. 

ABSORPTION  OF  POTASSIUM  FROM  CABBONATB  SOLTTTION. 

The  problem  of  absorption  of  salts  by  soils  has  been  studied  not 
only  by  percolating  natural  alkali  soils  with  distilled  water,  deter- 
mining the  quantity  of  salts  removed,  but  also  by  the  absorption  of 
salt  from  a  percolating  salt  solution.  After  introducing  into  the  soil 
in  this  manner  a  considerable  quantity  of  the  alkali  salt,  thus  simu- 
lating an  alkali  soil,  percolation  was  commenced  with  distilled  water. 

In  the  following  experiments  upon  the  removal  and  absorption  of 
a  base  by  a  soil,  a  potassium  salt  was  used  rather  than  a  sodium  salt, 
on  account  of  the  experimental  difficulty  of  determining  small  quan- 
tities of  sodium  in  solution.  The  normal  carbonate  of  potassium 
was  chosen  because  previous  work  gives  the  form  of  the  curves  for 
the  removal  of  carbonate.  The  alkaline  carbonates,  unlike  chlorides 
and  phosphates,  which  were  studied  by  Schreiner  and  Failyer,"  have 
an  enormous  influence  upon  the  physical  condition  of  the  soil. 

The  experimental  difficulty  is  not  so  much  to  regulate  the  rate  of 
percolation  or  to  keep  it  sufficiently  slow,  as  to  get  the  solution  through 
the  soil  at  all.  One  hundred  grams  of  each  soil  was  placed  in  a 
paraffined  brass  tube  fitted  below  with  a  short  section  of  a  Pasteur- 
Chamberland  filter  tube,  as  already  described.  The  solution  was 
percolated  through  the  soil  under  a  head  of  6.5  feet  water  pressure 
aided  by  nearly  an  atmosphere  of  suction  from  a  filter  pump  applied 
below.  This  pressure  was  just  sufficient  for  the  needs  of  the  experi- 
ment. 

Four  soils,  Galveston  clay,  Marshall  silt  loam,  Hagerstown  loam, 
and  Norfolk  sand,  were  percolated  with  a  solution  of  potassium  car- 
bonate containing  444  parts  potassium  per  milUon  parts  of  solution, 
and  the  potassium  in  the  percolates  determined  colorimetricaUy* 
for  low  concentrations  and  gravimetrically  as  the  chlorplatinate, 

oBul.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1906;  Joiu-.  Phys.  Chem.,  10, 239, 361 
(1906). 
&Bul.  No.  31,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1906. 
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when  the  fractions  became  stronger.  The  results  are  given  in  Tables 
XXIII  to  XXVI,  and  shown  graphically  in  figure  8,  which  represents 
the  curves  of  absorption  up  to  the  maximum  of  each,  and  from  that 
point  on  the  leaching  process  appears.  The  data  for  these  leaching 
curves  are  contained  in  Tables  XXVII,  XXVIII,  and  XXIX.  Each 
curve  in  figure  8  gives  the  total  grams  of  potassium  contained  by  100 
grams  of  soil — air-dry  weight — at  each  stage  of  the  absorption  process. 
The  Galveston  clay  is  still  absorbing  potassium  after  five  months' 
continuous  percolation,  during  which  time  1.1 3^r  cent  of  potassium 
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Fio.  8.— Carves  showing  the  total  quantity  of  potassium  absorbed  from  potassium  carbonate  solu- 
tion percolating  through  soils,  and  the  subsequent  removal  of  this  absorbed  potassium  by  leaching 
with  distilled  water. 


has  been  absorbed  by  the  soil  and  the  concentration  of  the  percolate 
with  respect  to  potassium  has  risen  to  a  little  over  one-third  of  that 
for  the  solution  added  to  the  clay,  so  that  we  may  expect  a  very  con- 
siderable quantity  of  potassium  to  be  absorbed  on  further  percola- 
tion. But  it  seemed  inadvisable  to  prolong  the  experiment,  since 
the  clay  had  been  shown  to  have  a  very  high  absorptive  capacity  for 
potassium  and  would  require  a  very  long  time  for  saturation  and  for 
subsequent  removal  of  the  salts  by  percolation.  Further  points  on 
the  curve  could  give,  in  addition,  only  the  value  of  the  specific  ab- 
sorptive   capacity,    from    a   solution    of    this    concentration.     This 
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absorptive  capacity  is  known  for  the  three  other  soils  used,  and  the 

formula  -J^=  K(A—y)  proposed  by  Schreiner  and  Failyer  may  b© 

applied. 

Table  XXIV  shows  that  after  some  750  c.  c.  of  the  potassium  car- 
bonate solution  has  passed  through  Marshall  silt  loam  the  soil  has 
taken  up  very  nearly  all  the  potassium  that  it  can  absorb  from  a 
solution  of  the  strength  used.  Here  -4,  the  absorptive  capacity  of 
Marshall  silt  loam  for  potassium — from  this  particular  concentration 
of  aqueous  potassium  carbonate — may  be  taken  as  0.230  gram 
potassium  per  100  grams  soil.  Using  this  value  for  A,  the  results 
given  in  Table  XXIV  conform  well  to  the  rate  equation  of  Schreiner 

and  Failyer,   ^  =  K(A—y).     For  Hagerstown  loam,  Table  XXV, 

the  absorptive  capacity,  A,  is  0.300  gram  potassium  per  100  grams 
soil,  and  the  rate  of  absorption  conforms  to  Schreiner  and  Failyer's 
formula,  as  is  also  the  case  for  Norfolk  sand,  whose  ^4,  is  0.1226  gram 
potassium  per  100  grams  soil,  as  shown  in  Table  XXVI. 

Comparing  the  soils  we  see  that  Hagerstown  loam  absorbs  0.300 
gram,  Marshall  silt  loam  0.230  gram,  and  Norfolk  sand  0.123  gram 
of  potassium  per  100  grains  of  soil.  These  absorptive  capacities  are 
not  directly  proportional  to  the  areas  of  the  soils  per  gram  as  calcu- 
lated from  the  mechanical  analysis  already  given. 

The  absorptive  capacity  of  a  soil  for  potassium  from  potassium 
carbonate  solution  is  greater  than  from  potassium  chloride  solution. 
Schreiner  and  Failyer «  give  1,000  parts  per  million  potassium  as  the 
^,  for  a  clay  soil  in  chloride  solution  containing  200  parts  per  mil- 
lion potassium;  and  650  parts  per  million  as  the  A  for  a  clay  loam 
under  the  same  conditions.  This  is  a  percentage  of  0.1  and  0.065, 
respectively,  while  Galveston  clay  absorbed  1.13  per  cent,  Marshall 
silt  loam  0.23  per  cent,  Hagerstown  loam  0.30  per  cent,  and  Norfolk 
sand  0.123  per  cent  potassium — reckoned  on  the  air-dry  weight  of  the 
soils — from  carbonate  solution.  It  is  to  be  remembered  that  this 
carbonate  solution  was  more  than  twice  as  strong  with  respect  to 
potassium  as  the  chloride  solution  used  by  Schreiner  and  FaUyer. 
But  even  taking  account  of  this  factor  the  soils  are  seen  to  abstract 
relatively  more  potassium  from  carbonate  solution  than  from  chlo- 
ride solution. 

In  columns  4  and  5  of  the  Tables  XXIII  to  XXVI  are  given  the 
rates  of  absorption  in  grams  potassium  per  100  grams  soil  per  hour, 
and  the  rates  of  percolation  in  cubic  centimeters  per  hour.     The 

data  show  a  steady  decrease  in  rate  of  flow  as  percolation  proceeds 

J 

oBul.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  1906,  p.  37;  Jour.  Phys.  Chem., 
10.  361  (1906). 
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till  a  state  is  reached  where  the  soils  seem  to  form  chamiels  and 
allow  the  solution  to  filter  faster,  and  then  to  close  these  channels 
and  retard  the  flow  of  liquid  so  that  its  rate  of  percolation  returns 
nearly  to  that  prior  to  the  formation  of  the  channels.  The  initial 
decrease  in  rate  of  flow  is  not  due  to  packing  down  of  the  soils, 
since  they  were  percolated  with  distilled  water  for  w^eeks  before  any 
of  the  potassium  carbonate  was  run  through  them,  but  to  the  pud- 
dling or  deflocculation  produced  by  the  alkaline  solution.  After 
the  soil  is  impregnated  with  alkali  the  passage  of  the  strong  potas- 
sium carbonate  solution  through  it  is  faster  than  the  subsequent 
flow  of  distilled  water,  but  as  the  potassium  is  washed  out  the  rate 
increases  again. 

This  may  be  referred  to  the  flocculating  and  deflocculating  action 
upon  the  soil  grains  by  the  same  solute  at  different  concentrations, 
which  has  been  discussed  previously.  The  production  of  large  floc- 
cules  would  of  course  permit  the  solution  to  pass  through  more 
readily  and  the  subsequent  breaking  down  into  smaller  aggregates 
would  offer  a  much  less  permeable  percolation  bed. 

At  the  beginning  of  leaching  it  was  necessary  to  subject  the  Hagers- 
town  loam  to  suction  imder  a  force  of  about  an  atmosphere  in  addition 
to  the  constant  head  of  water,  but  as  leaching  proceeded  this  suction 
was  removed  to  avoid  too  rapid  percolation.  Consequently  the  rate 
of  percolation  for  this  soil  as  given  in  column  5  of  Table  XX\T!II  is 
not  exactly  comparable  with  the  similar  data  in  Tables  XXVII  and 
XXIX.  This  set  of  figures  on  the  rate  of  percolation  enables  one  to 
compare  the  rate  of  absorption  with  the  rate  of  flow. 

The  continual  decrease  in  the  rate  of  removal  of  potassium  from 
these  three  soils  as  shown  in  figure  8,  and  in  the  concentration  of  the 
percolates  given  in  Tables  XXVII,  XXVIII,  and  XXIX,  is  similar  to 
that  for  the  removal  of  carbonate,  bicarbonate,  and  dilorine  from  the 
natural  alkali  soils  of  Yakima  and  Fresno. 

The  removal  of  potassium  absorbed  by  soil  from  a  carbonate  solu- 
tion gives  a  leaching  curve  closely  resembling  that  for  the  removal 
of  potassium  absorbed  from  chloride  solution.  • 

The  absorption  of  potassium  from  carbonate  and  from  chloride 
solution  is  likewise  described  by  curves  similar  in  form,  and  very 

nearly  represented  by  the  formula  -^=  iir(^— 2/),  which  also  expresses 

well  the  rate  of  absorption  and  rate  of  removal  of  the  phosphate 
radical,  PO4,  from  soils'*  regardless  of  what  phosphate  was  used  to 
saturate  the  soil. 


a  Bui.  No.  32,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  p.  36. 
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Table  XXIII. — Absorption  of  potastium  from  carbonate  goltUion  by  Galveston  clay, 
[100  grams  soil.    Solution  containing  444  parts  per  million  potassium.] 


Total 
perco- 
late. 


Potas- 
sium in 
perco- 
late. 


Potassium 
absorbed 

by  100 
grams  soil. 


Rate  of 
absorption. 


Rate  of 
percola- 
tion. 


Period. 


Oram 

C.c. 

C.c. 

P.  p.  HI. 

Orams. 

per  hour. 

per  hour. 

15 

13 

0.0065 

a00043 

1.00 

25 

13 

.0108 

.00062 

1.44 

54 

13 

.0232 

.00062 

1.45 

90 

9 

.0388 

.00063 

1.46 

158 

14 

.0679 

.00066 

1.54 

199 

14 

.OHM 

.00066 

1.54 

228 

16 

.0978 

.00066 

1.54 

271 

15 

.1162 

.00067 

1.56 

297 

14 

.1273 

.00068 

1.57 

335 

15 

.1435 

.00067 

1.57 

411 

14 

.1707 

.00067 

1.58 

405 

15 

.1992 

.00060 

1.57 

545 

17 

.2332 

.00065 

1.53 

802 

19 

.3423 

.00054 

1.38 

896 

24 

.3818 

.00054 

1.29 

993 

32 

.4217 

.00050 

1.22 

1,043 

34 

.4422 

.00048 

1.17 

1,168 

68 

.4904 

.00048 

1.24 

1,248 

76 

.5198 

.00042 

1.16 

1,363 

63 

.5615 

.00044 

1.21 

i;464 

90 

.5070 

.00037 

1.06 

1,566 

102 

.6319 

.00035 

1.02 

1,663 

80 

.6671 

.00038 

1.05 

1.763 

72 

.7042 

.00030 

1.04 

1,868 

73 

.7431 

.00081 

.84 

1,925 

175 

.7564 

.00020 

.84 

2,033 

102 

.7933 

.00029 

.86 

2,154 

165 

.8270 

.00023 

.83 

2.294 

186 

.8632 

.00022 

.82 

2,429 

167 

.9005 

.00022 

.81 

2,582 

113 

.9512 

.00026 

.80 

2.711 

152 

.9891 

.00020 

.68 

2,800 

149 

l.ai31 

.00029 

.71 

2,949 

170 

1.0674 

.00009 

.54 

3,043 

195 

1.0808 

.00005 

.22 

3,105 

178 

1.0972 

.00011 

.42 

3,213 

146 

1.1294 

.00017 

.56 

Hour*. 

15.0 

21.9 

41.9 

6a7 

110.9 

137.5 

156.2 

183.8 

20a3 

224.5 

272.5 

305.8 

358.1 

445i6 

518.6 

508.1 

640.9 

741.9 

811.2 

906.5 

1.002.2 

1,102.2 

1,194.2 

1,260.2 

1,385.2 

1.453.2 

1,578.2 

1,724.2 

1,896.2 

2,073.7 

2,266.7 

2,458.2 

2.670.0 

2.83&5 

3.268.0 

3,415.0 

3,607.0 


Table  XXIV. — Absorption  of  potassium  frmn  carbonate  solution  by  Marshall  silt  loam. 
[100  grams  soil.    Solution  containing  444  parts  per  million  potassium.] 


Total 
perco- 
late. 

PoUs- 
sium  in 
perco- 
late. 

Potassium 
absorbed 

by  100 
grams  soil. 

Rate  oft 
absorption. 

Rate  of 
percola- 
tion. 

r.  c. 

Period. 

Oram 

C.  c. 

P.  p.  m. 

Orams. 

per  hour. 

per  hour. 

Hours. 

48 

7 

0.0210 

0.00068 

2.00 

24 

145 

24 

.0615 

.00160 

4.00 

48 

225 

83 

.0904 

.00120 

3.33 

72 

325 

94 

.1254 

.00100 

2.85 

107 

372 

95 

.1418 

.00068 

1.96 

131 

403 

97 

.1526 

.00066 

1.86 

148 

445 

98 

.1674 

.00062 

1.77 

172 

460 

100 

.1757 

.00052 

1.53 

188 

508 

135 

.1877 

.00034 

1.29 

223 

558 

189 

.2004 

.00026 

1.04 

271 

590 

244 

.2066 

.00013 

.66 

319 

630 

275 

.2140 

.00016 

.87 

365 

.    670 

318 

.2198 

.00006 

.64 

437 

696 

350 

.2217 

.00004 

.42 

485 

732 

390 

.2237 

.000028 

.50 

557 

756 

400 

.2248 

.000023 

.50 

605 
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Tablh  XXV. — Absorption  of  potassium  from  carbonate  solution  by  Hagerstoum  tooTn. 
[100  grams  soil.    Solution  containing  444  parts  per  million  potassium.] 


Total 
perco- 
late. 

Potas- 
sium in 
perco- 
late. 

Potassium 
absorbed 

by  100 
grams  soil. 

Rate  of 
absorption. 

Oram 

Rate  of 
percola- 
tion. 

Period. 

C.  c. 

C.  c. 

P.  p.  m. 

Gfom. 

per  hour. 

per  hour. 

Houn, 

160 

6 

0.0700 

0.00291 

6.68 

24 

202 

23 

.1245 

.00226 

5.5 

48 

392 

43 

.1648 

.00165 

4.14 

72 

478 

75 

.1966 

.00065 

1.79 

120 

530 

97 

.2146 

.00075 

2.16 

144 

573 

115 

.2287 

.00050 

1.79 

168 

630 

167 

.2445 

.00066 

2.37 

192 

657 

200 

.2513 

.00028 

1.14 

216 

606 

215 

.2602 

.00039 

1.62 

240 

753 

240 

.2718 

.00024 

1.19 

288 

706 

276 

.2790 

.00016 

.90 

336 

845 

301 

.2857 

.00015 

1.09 

380 

902 

360 

.2907 

.00007 

.80 

452 

034 

406 

.2919 

.000025 

.67 

500 

083 

424 

.2929 

.000014 

.67 

572    ; 

1,016 

428 

.2934 

.000011 

.69 

• 
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Table  XXVL — Absorption  of  potassium  from  carbonate  solution  by  Norfolk  sand. 
[100  grams  soil.    Solution  containing  444  parts  per  million  iratassium.] 


Total 
perco- 
late. 

Potas- 
sium in 
perco- 
late. 

Potassium 
absorbed 

by  100 
grams  soil. 

Rate  of 
absorption. 

Oram 

Rate  of 
.  percola- 
tion. 

C.  r. 

Period. 

C.c 

P.  p.  m. 

Orams. 

per  hour. 

per  Juntr. 

Hours. 

82 

5 

0.0360 

0.00015 

3.30 

24 

122 

37 

.0623 

.000068 

1.69 

48 

193 

107 

.0762 

.0000906 

2.96 

72 

274 

193 

.0966 

.0000425 

1.60 

120 

313 

232 

.1048 

.0000344 

1.62 

144 

338 

261 

.1098 

.0000101 

1.04 

168 

370 

305 

.1142 

.0000183 

1.34 

192 

380 

330 

.1164 

.0000092 

.79 

216 

420 

365 

.1189 

.0000052 

1.29 

240 

464 

407 

.1205 

.0000033 

.92 

288 

502 

417 

.1216 

.0000023 

,78 

336 

546 

422 

.1226 

.0000021 

.92 

884 

600 

444 

.1226 

.76 

442 

Table  XXVII. — Leaching  of  potassium  from  Marshall  silt  loa:tn. 
[100  grams,  containing  0.2248  gram  jMtassium,  absorbed  from  KiCOt  solution.] 


Total 
perco- 
late. 

Potas- 
sium in 
perco- 
late. 

Potassium 
left  in  soil. 

Rate  of 
leaching. 

Rate  of 
percola- 
tion. 

1 
Period. 

Oram 

C.  e. 

C.C. 

P.  p.  m. 

Oram. 

per  hour. 

per  hour. 

Hours.   1 

0 

0 

0.2248 

0 

17 

471 

.2168 

0.000187 

0.364 

48 

36 

513 

.2070 

.000168 

.  346 

103 

59 

426 

.1072 

.000123 

.290 

183 

72 

410 

.1019 

.000125 

.304 

226 

95 

375 

.1833 

.000086 

.228 

327 

125 

273 

.1751 

.000050 

.183 

492 

162 

151 

.1606 

.000063 

.386 

588 

194 

273 

.1607 

.000088 

.320 

688 

217 

320 

.1533 

.000039 

.123 

876 

235 

350 

.1470 

.000033 

.094 

1,060 

256 

412 

.1383 

.000033 

.080 

1,333 

301 

278 

.1268 

.000036 

.126 

1,603 

336 

337 

.1140 

.000030 

.091 

2,078 

360 

230 

.1064 

.000020 

.088 

2,456 

300 

100 

.1024 

.000009 

.044 

2,880 

412 

202 

.0979 

.000031 

.160 

3,096 

i35 

162 

.0042 

.000019 

.120 

3,228 

466 

166 

.0907 

.0000186 

.111 

3,417 
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Table  XXVIII. — Leaching  of  potassium  from  Hagerxtovm  loam. 
[100  grams,  containing  0.2934  gram  pota^ium  absorbed  from  KjCOa  solution.] 


Total 
perco- 
late. 


Potas- 
sium In 
perco- 
late. 


C.  c. 

0 

24 

51 

85 

103 

144 

109 

206 

243 

280 

311 

346 

393 

416 

460 

511 

581 

637 

704 

774 

841 

896 

1,032 

1,077 

1,136 

1,191 


P.  p.  m.  ' 

0 

538    ' 

490    I 

436    , 

311    < 

237 

256 

145 

151 

133 

90 

107 

116 

114 

114 

100 

90 

82 

82 

87 

82 

76 

83 

89 

75 

82 


Potaaslmn 
left  in  soil. 

Rate  of 
leaching. 

percola- 
tion. 

Period. 

Oram 

r.  c. 

Oram. 

per  hour. 

perJuntr. 

Hours. 

0.2034 

.2805 

6.06626 

O.SO 

48 

.2673 

.00024 

.40 

103    1 

.2^5 

.000107 

.43 

183    1 

.2469 

.000131 

.42 

225 

.2376 

.000092 

.40 

326 

.2312 

.000093 

.36 

395 

.2258 

.000056 

.39 

490 

.2202 

.000058 

.39 

586 

.2153 

.000044 

.37 

686 

.2124 

.000030 

.34 

772 

.2087 

.000039 

.37 

868 

.2032 

.000047 

.38 

994 

.2006 

.000030 

.34 

1,062 

.1956 

.000040 

.35 

1,187 

.1905 

.000035 

.35 

1,333 

.1842 

.000033 

.36 

1,525 

.1796 

.000027 

.34 

1,092 

.1741 

.000029 

.35 

1,885 

.1680 

.000032 

.37 

2.077 

.1625 

.000026 

.32 

2,289 

.1583 

.000025 

.33 

2,455 

.1470 

.000026 

.32 

2,887 

.1430 

.000027 

.31 

3,034 

.1386 

.000023 

.31 

3,226 

.1341 

.000024 

.29 

3,415 

Table  XXIX. — Leaching  of  potassium  from  Norfolk  sand. 
[100  grams,  containing  0.1228  gram  potassium  absorbed  from  KiCOa  solution.] 


( 

Total 
perco- 
late. 

Potas- 
sium in 
perco- 
late. 

Potassium 
left  in  soil. 

Rate  of 
leaching. 

Oram 

Rate  of 
percola- 
tion. 

Period. 

C.c. 

C.  c. 

P.  p.  m. 

Oram. 

per  hour. 

per  hour 

Hours. 

0 
30 

.  0 
582 

0.1226 
.1051 

'6.'6663i4  "' 

6.*C»3"" 

48' 

67 

236 

.0964 

.000150 

.67 

103 

119 

138 

.0892 

.000091 

.m 

183 

148 

125 

.0856 

.000085 

.(« 

22li 

219 

105 

.0781 

.000074 

.70 

327 

265 

97 

.0736 

.000070 

.67 

396 

335 

71 

.0686 

.000053 

.74 

491 

403 

83 

.0630 

.000069 

.71 

587 

476 

75 

.0575 

.000055 

.73 

687 

541 

63 

.0534 

.000044 

.71 

779 

616 

59 

.0490 

.000046 

.78 

875 

708 

53 

.0441 

.000039 

.74 

1,000 

750 

49 

.0416 

.000037 

.75 

1.068 

857 

48 

.0369 

.000038 

.75 

1,193 

967 

42 

.0323 

.000032 

.92 

1.339 

1,124 

44 

.0254 

.000040 

.81 

1,510 

1,259 

41 

.0199 

.000041 

.80 

1,678 

1,422 

43 

.0129 

.000043 

.85 

1,871 

1,592 

44 

.0044 

.000039 

.89 

2,063 

1.742 

34 

-  .0007 

.000024 

.71 

2.275 

1,897 

25 

-  .0046 

.000023() 

.94 

2,330 

2,142 

21 

-  .0083 

.000019 

.57 

2,763 

2,322 

18 

-  .0116 

.000022 

1.22 

2.910 

2,512 

4 

-  .0124 

.000004 

.99 

3,102 

2,707 

2 

-  .0128 

.0000019 

1.08 

3,291 

Thus  we  have  shown  that  the  removal  curves  for  bicarbonate, 
carbonate,  chlorine,  potassium,  and  phosphate  leached  from  soils  are 
very  similar  in  form. 
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It  has  also  been  demonstrated  by  these  percolation  studies  that  the 
absorptive  capacity  of  soils  is  very  considerable,  large  quantities  of 
both  acid  and  basic  radicals  being  retained.  These  are  again  released 
by  the  soil  to  fresh  additions  of  water  and  to  the  soil  solution,  as  the 
plants  remove  the  nutrient  salts. 

SUMMABT. 

In  the  foregoing  pages  the  work  on  absorption  by  soils,  which  has 
been  in  progress  in  the  Bureau  for  some  years,  has  been  continued 
and  a  further  and  more  complete  study  has  been  made  of  the  compo- 
sition of  the  solutions  and  the  quantity  of  material  removed  from 
solution  by  the  soil.  The  literature  upon  the  subject  of  absorption 
has  been  brought  together. 

In  the  experiments  described  the  materials  used  are  not  always 
fertiUzer  salts  or  constituents  of  the  soil  itself,  since  other  sub- 
stances, particularly  certain  dyestufFs,  are  better  adapted  to  obtain- 
ing a  more  detailed  knowledge  of  the  mechanism  of  absorption. 
In  general,  it  may  now  be  stated  that  where  disturbing  influ- 
ences are  not  great  the  mathematical  formulation  may  be  made 
both  of  the  time  rate  and  of  the  absorption  and  distribution  of  the 
material  between  the  soUd  and  the  liquid.  The  disturbing  influences, 
however,  are  quite  important  in  most  cases  actually  met  in  practice, 
and  therefore  a  detailed  study  of  some  of  them  was  undertaken. 
The  most  important  of  these  is  the  change  in  the  physical  character 
of  the  soil  iteelf,  consequent  upon  the  absorption  of  the  dissolved 
materials.  In  some  cases,  notably  with  acids  and  with  hme,  the 
soils  assume  a  ''flocculated"  structure,  i.  e.,  a  great  many  of  the 
ultimate  grains  form  larger  aggregates  or  "ball  together;"  and  in 
other  cases,  especially  with  alkalies,  the  soils  are  deflocculated,  each 
grain  standing  out  separate  and  distinct  from  the  others.  This 
change  in  the  structure  of  the  soil  is  of  the  utmost  importance  in 
influencing  the  physical  condition  of  the  soil,  which  in  turn  influences 
the  drainage  condition,  the  aeration  of  the  soil,  its  capacity,  to  hold 
the  soil  solution  and  control  its  movement  through  the  soil,  the  com- 
position of  the  soil  solution,  the  character  and  rate  of  the  chemical 
changes  taking  place  in  the  soil  solution;  and,  in  fact,  in  influencing 
directly  both  the  physical  and  chemical  factors  which  are  the  most 
important  in  governing  the  proper  growth  of  plants. 

• 
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Plate  I .  Fig.  1 . — Crystals  of  picol  ine  carboxylic  acid  obtained  from  soils,  f onned 
from  a  dilute  aqueous  solution.  Fig.  2. — ^Crystals  of  picoline  car- 
boxylic acid  obtained  from  soils,  formed  from  a  concentrated  aque- 
ous solution 32 

II.  Fig.  1. — Crystals  of  dihydroxystearic  acid  obtained  from  soils.  Fig.  2. — 

Concretions  of  the  barium  salt  of  dihydroxystearic  acid 32 

III.  Fig.  1. — Crystals  of  agroeterol  obtained  from  soils.    Fig.  2. — ^Wheat 

seedlings  grown  in  extract  obtained  in  the  method  for  isolating 
dihydroxystearic  acid  from  soils;  (1  and  2)  undiluted  extract;  (3  and  4) 
one  part  extract,  one  part  distilled  water;  (5  and  6)  one  part  extract, 
nine  parts  distilled  water 40 

IV.  Fig.  1. — Wheat  seedlings  showing  the  effect  of  dihydroxystearic  acid 

from  soils;  (1)  saturated  solution  of  dihydroxystearic  acid;  (2)  con- 
trol in  pure  distilled  water.  Fig.  2. — ^Wheat  seedlings  grown  in  solu- 
tions of  dihydroxystearic  acid  from  soils;  (1)  solution  of  dihydroxy- 
stearic acid,  200  parts  per  million;  (2)  100  parts;  (3)  50  parts;  (4)  20 
parts;  (5)  control  in  pure  distilled  water.  .• 48 
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THE  ISOUTION  OF  HARMFUL  ORGANIC  SUBSTANCES 

FROM  SOILS. 


THE  PBESEHGE  OF  HASMFUL  SXTHSTAITCES. 

Investigations  into  the  causes  of  the  infertility  of  soils  have  estab- 
lished thrfee  facts  which  may  be  considered  fundamental  in  any 
discussion  of  the  subject.  These  are:  First,  soils  may  be  infertile 
b^ause  of  the  presence  in  them  of  some  substance  or  substances 
inimical^o  plant  growth.  Second,  many  p^«*T^^«  pm^^pnft  nnr]  pna. 
sibly  excrete,  as  the  result  of  growth,  organic  compounds  which  are 
poisonous  to  the  plants  producing  them.  1  hird,  many  of  the  organic 
constituents  of  plants  which  on  the  death  and  decay  of  vegetation 
imd  their  way  into  the  soil,  or  compounds  wtuch  may  anse  during 
subsequent  changes  in  the  soil,  inhibit  growth  when  presented  in 
solution  to  the  roots  of  growing  plants. 

The  facts  on  which  these  three  generalizations  are  based  have  been 
published  in  detail*  and  will  be  but  briefly  presented  here. 

The  essential  facts  regarding  the  first  proposition  are  these:  Aque- 
ous extracts  of  soil  retain  the  fertile  or  infertile  properties  of  the 
soils  from  which  they  are  made.  A  water  extract  of  a  poor  soil  is  a 
poorer  medium  for  the  growth  of  plants  than  an  extract  of  a  good 
soil.  The  growth  of  seedlings  in  an  extract  of  an  infertile  soil  is  often 
less  than  in  pure  distilled  water.  Since,  however,  the  distilled  water 
contains  no  mineral  nutrients  whatever,  while  the  poor  soil  extract 
contains  some,  the  diminished  growth  in  the  latter  must  be  due  to 
the  presence  of  something  harmful,  something  that  hinders  the 
plant's  development,  even  in  the  presence  of  the  nutrients  in  the  soil 
solution  and  those  stored  in  the  seed.  This  simple  experiment  is 
sufficient  to  establish  this,  but  there  are  a  number  of  other  observa- 
tions thoroughly  in  accord  with  the  conclusion  stated.  Dilution  of 
a  poor  soil  extract  often  makes  it  a  better  medium  for  the  growth  of 
seedlings  than  the  original  extract.     Treatment  of  such  an  extract 

a  Buls.  Noe.  23,  28,  36,  40,  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 
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with  some  absorbing  agent;  such  as  carbon  black  or  ferric  hydrate, 
which  furnishes  no  mineral  plant  food,  has  the  same  effect.  In  other 
words,  any  treatment  which  dUutes  the  inhibitory  material  in  the 
soil  extract  makes  it  better  even  when  the  mineral  plant  food  is 
diminished  at  the  same  time.  In  further  accord  with  these  observa- 
tions is  the  fact  that  the  addition  of  certain  chemicals  which  furnish 
no  plant  food  often  improves  poor  soil  extracts.  Pyrogallol  is  such 
a  compound,  the  improvement  being  evidently  due  to  some  change 
in  the  harmful  material  brought  about  by  the  added  compoimd,  or 
else  it  enables  the  plant  to  overcome  the  harmful  effect. 

The  second  proposition,  viz,  that  roots  may  excrete  harmful 
bodies,  is  based,  first,  on  the  behavior  of  the  roots  of  wheat  seedlings 
when  grown  in  agar-agar  in  which  wheat  had  been  previously  grown, " 
and,  further,  on  the  fact  that  from  soils  in  which  wheat  and  cow- 
peas  had  been  grown  until  the  growth  was  greatly  diminished  crys- 
talline substances  have  been  obtained  which  were  found  to  be  inhibi- 
tory to  wheat  and  cowpeas,  respectively,  when  these  were  grown  in 
water  solutions  of  these  substances.*  These  substances  could  not  be 
obtained  from  these  soils  before  the  repeated  growth  of  wheat  and 
cowpeas. 

The  third  proposition  has  to  do  with  the  constituents  of  plants 
that  on  the  death  and  decay  of  vegetation  become  part  of  the  soil, 
in  contradistinction  to  those  which  may  possibly  be  excreted  during 
the  growth  of  the  plant.  The  number  of  sucli  compounds  which 
have  been  studied  with  respect  to  their  toxicity  to  plants  when  com- 
pared with  the  number  which  may  possibly  find  their  way  into  the 
soil  is  very  small,  and  no  sweeping  conclusions  can  be  drawn  as  to 
what  classes  of  compounds  are  and  what  are  not  inhibitory  to  plant 
growth.  The  work  done,  however,*'  is  sufficient  to  establish  the  fact 
that  many  such  constituents  are  harmful.  In  view  of  the  great  num- 
ber of  such  compounds,  this  work  might  be  continued  almost  indefi- 
nitely, but  since  many  of  these  plant  constituents  are  undoubtedly 
soon  changed  into  other  compounds  in  the  decay  which  dead  vege- 
tation undergoes  in  the  soil,  such  continuation  does  not  seem  to  be 
the  best  way  in  which  to  attain  the  end  which  is  the  object  of  fertility 
studies,  viz,  profitable  rotation  and  rational  fertilization.  Once  it 
has  been  established  that  some  plant  constituents  are  harmful,  the 
attainment  of  this  end  seems  to  lie  in  the  study  of  such  bodies  as  are 
actually  in  the  soil  under  infertile  conditions  and  the  way  in  which 
they  arise  in  the  soil. 

To  the  three  general  statements  made  above  there  may  be  added, 
as  a  supplementary  proposition,  that  the  harmful  compounds  in  soils 

a  Bul.  No.  40,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 
6  Schreiner  and  Sullivan,  Science,  27,  329  (1908). 
c  Bul.  No.  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 
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which  render  them  infertile  or  '^ exhausted''  are  organic  compounds. 
There  are^  of  course,  soils  which  are  infertile  owing  to  the  presence 
of  excess  of  mineral  salts,  such  as  common  salt,  alkaline  carbonates 
or  sulphates,  ferrous  compounds,  etc.,  but  where  such  is  the  case 
the  cause  is  generally  easily  discernible.  With  conditions  such  as 
these  the  present  studies  do  not  deal.  By  inhibitory  or  harmful 
soil  compounds  is  here  oieant  that  residue  of  the  complicated  proc- 
esses of  plant  life  and  plant  decay  which  becomes  an  integral  part 
of  the  soil;  which  causes  the  yield,  when  the  same  crop  is  grown 
continuously  on  some  soils,  to  become  less  and  less;  which  often  ren- 
ders the  application  of  fertilizers  necessary  in  the  presence  of  a  suffi- 
ciency of  mineral  plant  food ;  which  often  compels  the  abandonment 
of  the  crop  best  suited  to  climate  or  market,  or  else  forces  a  rotation 
with  a  less  remunerative  crop;  which  prevents  the  chemist  diagnosing 
the  cause  of  soil  infertility  by  any  of  the  numerous  methods  of 
analysis  in  use;  which  has  rendered  of  no  avail  many  elaborately 
planned  plat  experiments;  and  which  is  the  cause  of  a  natural  suc- 
cession of  wild  vegetation  not  explaiaed  by  any  change  of  soil  or 
climate. 

The  evidence  that  the  inhibitory  bodies  which  cause  infertility  are 
organic  compounds  is  both  direct  and  indirect.  As  indirect  evi- 
dence we  have  the  absence  of  harmful  inorganic  material;  the  ready 
changes  in  many  cases  from  harmful  to  nonharmful  form  by  oxida- 
tion, whether  by  the  roots  of  growing  plants  or  by  cultivation;  the 
similar  change  effected  by  the  addition  of  chemicals,  both  fertilizer 
salts  and  others;  the  change  in  injurious  properties  in  many  cases 
on  heating,  and  in  other  cases  the  carrying  over  of  the  harmful  prop- 
erties on  distillation,  or  removal  by  burning.  Finally,  the  fact  that 
the  roots  of  growing  plants  possibly  excrete  harmful  material  which 
behaves  as  organic  matter,  and  the  fact  that  many  organic  plant 
constituents  which  find  their  way  into  the  soil  are  inhibitory  to 
plants,  make  the  conclusion  as  certaiu  as  one  based  on  indirect  evi- 
dence can  be.  As  finar  proof  that  there  are  in  soils  organic  bodies 
harmful  to  plants,  there  is,  as  will  be  shown  in  the  sequel,  the  isolation 
and  identification  of  organic  bodies  from  the  soil  which  are  inhibitory 
to  plant  growth,  and  which  behave  in  solution  as  does  the  extract 
from  an  infertile  soil. 

The  end  sought  in  this  study  of  soil  fertility  is  a  better  understand- 
iug  of  the  causes  of  infertiUty,  and  through  this  the  removal,  amelio- 
ration, or  prevention  of  those  bad  soil  conditions  that  may  be  the 
proximate  causes  of  infertility,  even  when  the  real  causes  are  the 
compounds  formed  under  such  conditions. 


8  ISOLATION  OF   HAKMPUL  OHGANIC  SUBSTANCES. 

STATEMEFT  OF  PBOBLEM. 

The  extenfion  of  the  inyestigation  beyond  the  generalizations  men- 
tioned above  involves,  among  others,  three  problems,  each  complex 
in  itself.  These  are  the  identity  and  nature  of  the  harmful  substances 
in  soils,  their  sources  or  the  way  in  which  they  get  into  the  soil,  and 
finally  the  relation  of  harmful  substances  to  each  other,  to  nontoxic 
or  even  beneficial  substances,  and  to  added  bodies  such  as  fertilizers, 
both  organic  and  inorganic. 

These  problems,  especially  the  last  stated,  are  very  complex,  and  it 
would  seem  most  improbable  that  the  practice  of  agriculture  could 
ever  become  scientific,  except  through  the  complete  clearing  up  of 
the  questions  involved.  Every  effort  should  be  made,  then,  to  shed 
light  on  the  identity,  source,  and  general  properties,  including  destruc- 
tion or  alteration,  of  inhibitory  compounds.  It  is  only  by  this  that 
the  practice  of  agriculture  can  be  placed  on  the  same  plane  with 
other  great  industries  which  have  profited  so  much  by  scientific 
research  in  the  past,  a  scientific  development  in  which  agriculture 
has  not  shared  to  its  fullest  extent. 

With  the  first  of  the  problems  stated,  the  isolation,  identification, 
and  general  properties  of  harmful  soil  compounds,  the  present  paper 
is  chiefly  concerned. 

The  questions  which  naturally  arise  on  a  first  approach  to  this 
problem  are,  first,  what  is  the  origin  of  the  organic  matter  in  general  in 
the  soil,  what  kind  of  substances  furnish  the  material  out  of  which 
the  organic  portion  of  soils  is  made,  and  what  changes  or  transfor- 
mation does  it  undergo  in  the  soil?  Second,  are  any  of  the  organic 
compounds  which  first  inquiry  may  have  shown  to  become  part  of 
the  soil,  or  to  be  formed  in  the  soil,  harmful  to  plants  in  the  small 
amounts  in  which  they  would  probably  be  present? 

If  in  pursuit  of  this  second  inquiry  it  is  found  that  some  of  the  sub- 
stances which  get  into  the  soil,  or  others  which  we  must  conclude  are 
formed  in  the  soil,  are  harmful,  a  further  question  arises.  Have  any 
of  these  substances  been  found  in  soils,  or  may  there  not  be  in  the 
soil  other  substances  which,  because  of  insufiicient  data,  have  not 
been  considered  at  all  up  to  this  point  ?  The  possibility  of  the  pres- 
ence in  soils  of  compounds,  of  which  neither  the  presence  nor  eifect 
could  be  predicted,  or  even  suspected,  at  once  makes  the  inquiry  the 
more  general  one,  what  do  we  know  of  the  organic  matter  in  the  soil? 
The  problem  of  the  isolation,  identification,  and  study  of  the  general 
properties  of  organic  soil  compounds  is,  as  has  been  stated,  a  complex 
one  not  only  in  itself  but  in  its  relations  to  other  problems  in  soil 
fertility. 
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S0UKCS8  OF  THE  OSGAHIC  MATTBE  OF  SOUS. 

An  essential  difference  between  soil  and  a  mere  mass  of  sand  or 
disintegrated  rock  is  that  the  former  contains  some  organic  matter. 
The  first  step  in  the  transformation  of  bare  rock  into  soil  must  be 
accomplished  by  the  lowest  forms  of  plant  life,  which  obtain  the 
materials  necessary  for  their  growth  and  reproduction  from  the  air, 
rain  water,  and  mineral  matter  dissolved  from  the  rock.  The  death 
of  these  furnishes  organic  matter  which  can  be  utiUzed  by  higher 
forms,  and  thus  the  process  goes  on  until  there  is  an  accumulation  of 
organic  matter  sufficient,  with  the  disintegrated  rock  material,  to  be 
called  an  arable  soil  and  furnish  a  medium  suitable  for  the  growth 
of  higher  plants  and  agricultural  crops.  When  the  process  of  soil 
formation  has  reached  this  stage  the  number  of  micro-organisms, 
which  at  first  were  probably  confined  to  a  few  species,  is  greatly  in- 
creased, including  bacteria  and  fungi  of  widely  varying  habits  of 
growth  and  varied  products  resulting  from  this  growth.  There  is, 
then,  entering  into  the  organic  matter  of  a  soil  on  which  wild  plants 
or  crops  are  growing  the  remains  of  such  parts  of  these  plants  as  die 
and  any  products  from  the  living  plants.  Still  other  compounds 
result  from  these  through  the  growth  of  micro-organisms,  by  the 
oxidizing  action  of  plant  roots,  by  cultivation  or  lack  of  it,  and  by 
changes  effected  by  fertiUzers.  Finally  there  are  remains  of  micro- 
organisms themsellres.  It  is  probable  that  animal  remains,  such  as 
insects  and  worms,  should  be  accorded  a  more  prominent  place  as  a 
source  of  soil  organic  matter  than  is  usually  given  them,  for  the 
amount  of  such  material  returned  to  the  earth  is  very  large.  Earth- 
worms are  also  an  important  factor,  for  they  not  only  furnish  animal 
remains,  but  much  of  the  organic  matter  of  plant  origin  is  changed 
by  passage  through  their  digestive  tract. 

The  final  result  of  these  comphcated  processes,  it  is  hardly  neces- 
sary to  say,  must  be  a  mixture  fully  as  complex  as  the  processes 
through  which  it  arises,  and  even  when  the  original  material  has  been 
similar  in  character  the  organic  residue  may  be  very  different  under 
varying  conditions  of  temperature,  moisture,  aeration,  cropping,  and 
the  character  of  micro-organisms  present. 

It  is  usual  to  consider  the  organic  matter  of  both  plants  and 
animals  as  made  up  of  protein,  fats,  and  carbohydrates,  but  in  addi- 
tion to  these  elements  there  are,  particularly  in  plants,  a  host  of  other 
compounds  not  included  in  these  groups  and  which  are  a  source  of  no 
small  part  of  the  soil  organic  matter.  Among  these  are  resins,  hydro- 
carbons and  derivatives,  waxes,  alkaloids,  glucosides,  tannins,  phenols 
and  their  derivatives,  acids,  aldehydes,  etc. 

When  the  complex  molecules  of  proteins,  fats,  and  carbohy- 
drates break  down  into  simpler  bodies  they  split  along  the  same  lines 
71078— BuU.  6a-09 2 
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of  cleavage,  depending  on  the  structure  of  the  original  molecule,  be 
it  through  the  agency  of  micro-organisms  as  in  decay,  the  agency 
of  enzymes  in  digestion  or  agents  such  as  acids  or  alkalies  in  the 
laboratory.  These  simpler  bodies,  which  are  termed  primary  cleavage 
or  degradation  products,  are  no  doubt  formed  in  the  soil  as  elsewhere 
as  the  first  steps  of  decay. 

These  primary  cleavage  products,  however,  particularly  in  the 
case  of  protein,  are  subject  to  still  further  decomposition  through  the 
same  or  other  agencies.  These  secondary  products  are  very  numerous 
and  of  widely  varying  composition,  structure,  and,*of  course,  chemical 
and  physiological  properties.  To  this  is  due  the  very  diflFerent  final 
products  of  decay  or  putrefaction  under  different  conditions.  To 
this  variation  in  secondary  decomposition  products  under  different 
conditions  of  temperature,  moisture,  aeration,  etc.,  the  varying 
character  of  the  organic  matter  in  soils  is  probably  due  more  than  to 
differences  in  the  plant  or  animal  material  which  originally  goes  into 
the  soil. 

The  number  of  such  secondary  products  that  may  be  formed  is 
very  large,  and  includes  gaseous  products  which  are  the  final  stages 
of  the  decomposition  of  the  organic  matter  into  its  elements,  and 
practically  all  intermediate  compounds  between  the  original  complex 
molecules  and  the  final  simple  compounds.  In  other  words,  there  is 
a  continual  ''building  down*'  process  from  the  original  complex 
molecule  to  simpler  ones  and  these  again  into  still  simpler  molecules, 
and  so  on  down  to  the  elemental  stages  of  matter. 

In  addition  to  these  various  decomposition  products  in  the  soil, 
there  are  compoimds  which  are  built  up  by  micro-organisms  from 
the  simpler  degradation  products.  This  reversal  of  the  decomposi- 
tion of  the  original  organic  matter  into  simpler  compounds,  by 
synthetic  processes  effected  by  micro-organisms,  or  possibly  other 
agents,  adds  materially  to  the  complexity  of  the  problem. 

Among  the  unclassified  organic  compounds  spoken  of  above,  such 
as  resins,  terpenes,  tannins,  etc.,  are  some  which  are  very  resistant 
to  decomposition  by  the  agents  active  in  the  soil,  and  these  may  often 
exist  in  the  soil  in  their  original  condition,  at  least  for  a  time.  On 
the  other  hand  a  great  many  break  down  into  simpler  bodies,  as  do 
the  proteins  and  carbohydrates. 

We  have,  then,  as  possible  organic  compounds  in  the  soil,  all  plant 
constituents,  compounds  of  animal  origin,  their  degradation  prod- 
ucts, both  })rimary  and  secondary,  and  also  other  products  built 
up  from  these.  Any  attempt  at  complete  enumeration  of  these 
would  simply  result  in  a  long  list  of  organic  compounds  with 
almost  every  class  of  such  compounds  known  to  science  rep- 
resented, and  mention  will  be  made  here  of  but  a  few  of  the 
more  prominent  ones.     Proteins,  which  are  present  in   all  parts 
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of  living  plants,  are  complex  compounds  the  constitution  of  which 
has  not  yet  been  established.  These  in  decay,  as  has  already  been 
stated,  break  down  into  simpler  bodies,  most  of  which  have  been 
thoroughly  studied  and  their  composition  and  constitution  well 
established.  Among  these  simpler  bodies,  which  are  nearly  all 
nitrogenous,  may  be  mentioned  glycocoU,  asparagine,  alanine,  leucine, 
phenylalanine,  tyrosine,  arginine,  histidine,  and  lysine.  Fatty  acids 
may  be  present  in  plants  either  as  free  acids,  in  combination  with 
glycerol  as  glycerides,  or  as  part  of  the  more  complex  molecule  of 
lecithins.  Stearic  and  oleic  acids  are  present  in  some  of  these  forms 
in  nearly  all  plants,  and  there  are  in  addition  to  these  a  large  number 
of  other  fatty  acids  the  distribution  of  which  is  in  many  cases  limited 
to  a  few  related  species  of  plants.  The  composition  and  constitution 
of  these  is  known  in  most  cases,  but  with  the  exception  of  lecithins  ' 
these  fatty  bodies  are  not  so  readily  subject  to  breaking  down  in 
decay  as  are  the  proteins,  and  there  is  much  less  known  of  the  pro- 
ducts of  such  breaking  down.  The  lecithins  in  breaking  down  give 
rise  also  to  another  class  of  bodies — choline,  neurine,  and  betaine— all 
being  well-known  definite  organic  compounds  of  a  basic  nature. 

The  numerous  substances  formed  during  plant  growth  which  are 
generally  regarded  as  nonessential  in  the  economy  of  the  plant 
furnish  a  large  amount  of  soil  organic  matter  and  include  a  large 
number  of  well-defined  organic  compoimds.  Among  these  are  the 
alkaloids,  terpenes,  phenols,  vegetable  acids,  and  derivatives  of  these 
bodies.  The  composition  and  constitution  of  many  alkaloids  is  well 
established;  a  large  number  being  pyridine  or  quinoline  derivatives, 
readily  break  down  into  simpler  bodies  like  the  pyridine  or  quino- 
line carboxyUc  acids,  themselves  well-defined  compounds.  The 
terpenes  constitute  another  class  of  this  kind,  being  widely  dis- 
tributed and  including  a  large  number  of  compounds,  the  composi- 
tion and  constitution  of  which  is  well  known.  Pyrocatechol,  vanillin, 
cumarin,  coniferin,  and  vegetable  acids  such  as  oxalic,  citric,  tartaric 
may  be  cited  as  examples  of  other  well-known  plant  constituents. 

It  is  evident  from  this  brief  survey  of  this  phase  of  the  problem 
that  although  the  organic  matter  which  goes  into  the  soil  is  of  an  ex- 
ceedingly varied  and  complex  character,  and  that  which  forms  in 
the  soil  may  be  even  more  so,  there  is  considerable  definite  information 
available  regarding  the  character  of  some  of  it.  A  great  number  of 
plant  constituents,  as  well  as  the  bodies  to  which  they  give  rise  on 
decay,  are  well-known  definite  chemical  compounds.  Some  of  these 
substances  it  requires  no  argument  to  prove  get  into  the  soil  on  the 
deatJi  of  the  plants  containing  them;  others  may  be  assumed  to  be 
formed  in  the  soil.  The  question  now  arises,  are  any  of  these 
harmful  to  plants  in  the  comparatively  small  quantity  in  which  we 
might  expect  them  to  be  present  in  soils? 
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EFFECT  OF  CESTAUT  OE&AHZC  COMPOUNDS  OE  FIAETS. 

There  is  in  the  literature  considerable  information  regarding  the 
injurious  effects  of  various  organic  compounds  on  fungi,  bacteria, 
algsB,  and  some  of  the  higher  plants,  but  for  the  most  p^rt  these  inves- 
tigations have  been  purely  physiological  and  have  had  no  reference  to, 
or  direct  bearing  on,  agricultural  crops  or  soil  studies.  Either  the 
compounds  tested  have  no  soil  interest,  the  plants  were  lower  forms, 
or  the  measure  of  inhibition  or  injury  was  based  on  some  special 
function  of  the  plant  and  not  the  general  one  of  plant  development. 

It  is  not  difficult  to  account  for  the  dearth  of  data  on  the  injuiy 
from  organic  soil  compounds.  The  prominence  given  the  mineral 
plant  food  theory  of  Liebig  and  the^xclusion  of  almost- every  other 
consideration  in  dealing  with  the  unproductiveness  of  soil  brought 
about  such  a  condition  that  from  Liebig's  time  to  the  present  the 
idea  that  organic  compounds  inhibitory  to  plant  growth  might  be 
factors  in  the  infertility  or  exhaustion  of  soil  had  practically  no  place 
in  the  philosophy  of  agricultural  chemists. 

Practically  all  that  is  known  regarding  the  harmful  effect  of  the 
organic  compounds  which  get  into  the  soil,  or  may  arise  in  the  soil, 
has  been  presented  in  another  bulletin.**  The  most  important  point — 
at  least  in  this  connection — established  by  the  investigations  there 
reported  is  that  many  of  the  possible  organic  soil  compounds  are  harm- 
ful to  plantS)  some  in  very  small  amounts. 

From  these  investigations  no  general  conclusions  regarding  the 
connection  between  effect  on  plants  and  chemical  constitution  were 
drawn,  nor  are  the  data  sufficient  to  form  the  basis  of  any  complete 
classification  of  such  bodies.  However,  the  establishing  of  a  relation 
between  effect  and  chemical  constitution  was  not  the  object  of  these  in- 
vestigations, but  rather  to  determine  whether  some  plant  constituents 
which  get  into  the  soil  or  compounds  which  may  arise  from  them  in 
the  soil,  are  harmful  to  plants,  in  small  amounts.  This  has  been 
abundantly  proven.  It  is  also  a  matter  of  everyday  observation  that 
material  containing  many  of  the  compounds  found  harmful  is  constantly 
being  added  to  the  soil.  Many  of  the  protein  decomposition  products, 
such  as  asparagine  and  leucine,  not  only  are  not  harmful  but  appear 
to  act  as  plant  nutrients;  others  again,  such  as  tyrosine,  are  injurious 
in  quite  small  amounts.  Choline  was  found  to  be  harmful  only  in  rel- 
atively high  concentration,  while  the  closely  related  neurine  was  inju- 
rious in  concentrations  very  much  less,  and  betaine,  also  closely  related 
to  both,  was  innocuous.  The  most  markedly  harmful  bodies  were 
found  among  those  deposited  within  the  plant  but  apparently  not  a 
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part  of  the  life  of  the  plant.  Arbutin,  vanillin,  cumarin,  heliotropine, 
esculin,  terpenes,  all  of  which  are  found  to  be  very  injurious,  belong 
to  this  class. 

Although  there  may  be  many  plant  constituents  which  are  harmful 
to  plants,  and  although  it  is  evident  that  many  such  plant  constitu- 
ents must  get  into  the  soil  on  the  death  of  vegetation,  it  would  seem 
probable  that  some  of  them  would  be  soon  changed  or  destroyed  by 
agents  active  in  the  soil  so  that  they  could  not  properly  be  consid- 
ered part  of  the  soil  nor  as  factors  in  soil  fertility.  Others,  however, 
might  persist,  since  they  are  likewise  strongly  poisonous  to  lower  forms 
of  life  and  not  readily  oxidized  for  a  longer  or  shorter  period  of  time 
under  certain  soil  conditions.  This  brings  up  another  inquiry. 
Have  any  of  these  plant  constituents  or  known  derivatives,  which 
are  injurious  and  which  are  known  to  get  into  the  soil,  actually  been 
separated  from  the  soil?  May  there  not  be  in  the  soil  harmful  or- 
ganic compounds,  the  presence  of  which  is  not  suspected  or  can  not 
be  predicted  ?  These  two  questions  involve  a  discussion  of  our  knowl- 
edge of  soil  organic  matter,  first  regarding  the  presence  or  absence  of 
known  compounds  and  second  as  to  the  possible  presenc-e  of  other  com- 
pounds which  could  not  have  been  suggested  by  the  knowledge  of  the 
origin  of  soil  organic  matter. 

PSEVIOVS  ATTEMPTS  TO  ISOLATE  OBOAinC  SOIL  COMPOTJHDS. 

The  first  part  of  this  ijiquiry  can  be  very  shortly  disposed  of. 
There  is  no  record  in  the  literature  of  any  of  these  plant  constit- 
uents that  must  get  into  the -soil,  or  of  anycompoimds  that  might 
be  expected  to  be  formed  from  them  in  the  soil,  ever  having  been 
isolated  from  any  soil.  This  can  not,  however,  be  taken  as  evidence 
that  these  may  not  be  present,  for  there  is  also  no  record  that  any 
individual  members  of  this  class  have  been  especially  or  consistently 
sought  for.  There  are,  moreover,  as  will  be  shown  in  subsequent 
pages,  such  difficulties  involved  in  this  search  that  in  many  cases 
failure  to  find,  by  methods  commonly  used,  would  not  be  proof  of 
their  absence.  The  second  phase  of  this  question  necessarily  involves 
a  somewhat  full  survey  of  the  literature  bearing  on  the  subject  and 
an  examination  of  the  claims  to  recognition  of  compounds  described 
and  named  in  the  literature.  This  survey  will  serve  as  a  guide  in 
a  systematic  search  for  such  soil  compounds  as  are  harmful  to 
plants  and,  moreover,  is  essential  to  a  thorough  imderstanding  of  the 
complexity  of  the  problem  in  hand  and  its  relation  to  other  problems, 
and  furnishes  a  basis  for  attacking  this  complex  problem  with  a 
reasonable  hope  of  solving  some  of  the  intricate  questions  of  soil 
fertility. 
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SEPARATION  OF  SO-CALLED  HUMUS  BODIES. 

Probably  the  majority  of  agronomists,  soil  chemists,  and  students 
of  soil  fertility  in  general  associate  soil  organic  matter  with  the 
term  "humus''  and  with  humus  only.  With  some  there  is  the 
assumption  that,  when  speaking  of  a  soil,  humus  and  organic  matter 
are  synonymous,  and  that  any  organic  matter  in  the  soil  not  humus 
is  simply  the  undecomposed  remains  of  plants  and  animals  which 
have  not  yet  reached  the  stage  of  decomposition  where  they  can  be 
properly  considered  a  part  of  the  soil.  With  others  there  is  the 
assumption  that,  although  there  may  be  organic  matter  in  the  soil 
not  humus,  it  is  of  such  composition  or  form  that  it  plays  no  part  in 
the  fertility  of  the  soil,  having  a  purely  physical  effect.  Neither  of 
these  assumptions  is  warranted,  as  will  be  shown. 

The  term  *' humus,"  as  originally  used,  had  no  especial  agricul- 
tural or  scientific  significance,  being  simply  another  name  for  dark- 
colored  vegetable  mold  and  later  applied  to  this  mold  material  as 
a  constituent  more  or  less  of  all  soils. 

The  term  has  how  a  more  restricted  meaning,  especiaUy  as  used 
by  agricultural  chemists,  being  applied  more  exclusively  to  the 
dark-colored  organic  matter  extracted  from  soils  by  dilute  solutions 
of  sodium  or  ammonium  hydrate  and  often  called  "  humic  acid."  It  is 
generally  conceded,  even  by  those  prone  to  regard  humic  acid  and 
allied  acids  as  definite  organic  bodies,  that  the  organic  extract  so 
obtained  is  a  complex  mixture  and  the  method  of  determining 
humus  in  use  to-day,  which  is  essentially  that  of  Grandeau,**  is 
merely  an  empirical  method  of  determining  a  portion  of  the  organic 
matter  in  the  soil.  Klaproth  ^  or  Thomson  *^  applied  the  name 
''ulmin"  to  dark-colored  amorphous  bodies  such  as  those  obtained 
by  Vauqulin  ^  from  the  bark  of  diseased  elm  tcees.  Sprengel,* 
who  obtained  similar  bodies  from  soils  applied  to  these  the  name 
"humic  acid."  In  1838  Berzelius,-^  evidently  with  the  general 
meaning  of  the  term  ''humus"  in  mind, used  the  term  "humin"  in 
describing  certain  dark-colored  constituents  of  vegetable  mold. 
Following  this  use  of  the  term  "humin,"  as  applied  to  what  was 
considered  to  be  a  definite  organic  body,  a  number  of  other  workers 
took  up  the  study  of  similar  bodies  and  a  number  of  other  terms  more 
or  less   related  soon   appeared.     This  group   of  workers  included 


«Trait6  d'analyses  des  mati^res  agricoles,  p.  148,  Paris,  1877.    Bui.  No.   107, 
Bureau  of  Chemistry,  U.  S.  Dept.  Agr.,  p.  19. 
6  De  CandoUe,  Pflanzen-Physiologie,  I,  279  (1833). 
c  Jour,  prakt.  Chem.,  21,  325  (1840). 
**  Ann.  Chim.,  21,  39  (1797). 

«Bul.  Soc.  Chim.,  10,  173;  De  CandoUe,  Pflanzen-Physiologie,  I,  280  (1833). 
/Poggendorff's  Ann.,  44,  375  (1838). 
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Braconnot,^  Miischerlich, '^  BouUay,*^  Malaguti/  and  Mulder.*  The 
terms  applied  to  humuslike  bodies  which  have  appeared  more  or 
less  in  the  literature  from  that  time  to  the  present  are  associated 
for  the  most  part  with  Mulder's  name.  Mulder  had  very  definite 
ideas  regarding  the  chemical  individuality  of  these  bodies.  For 
instance,  he  says:  ^ 

At  present  seven  different  organic  subetancee  are  known  to  exist  in  the  soil.  They 
are  crenic  acid,  apocrenic  acid,  geic  acid,  humic  acid  and  humin,  ulmic  acid  and 
ulmin. 

These  bodies  he  divided  into  two  groups,  one  group  consisting  of 
crenic  and  apocrenic  acids,  the  other  group  embracing  all  the  others. 
As  has  been  said,  many  of  these  terms,  particularly  humic  acid,  have 
come  down  through  the  literature  of  agricultural  chemistry  to  the 
present  and  are  now  used  with  some  writers  at  least  with  the  same 
faith  with  which  Mulder  used  them.  According  to  Mulder  these 
seven  organic  bodies  found  in  soils  were  intimately  related,^  and  five 
at  least  were  five  distinct  steps  in  the  decay  of  organic  matter  in  the 
soil.  He  regarded  ulmic  acid  as  the  first  step  in  this  decay;  this  on 
further  oxidation  yielded  humic  acid  and  this  in  its  turn,  on  still 
further  oxidation,  geic  acid.  Continued  oxidation  produced  apo- 
crenic and  finally  crenic  acid.  He  ascribed  to  these  the  following 
formulas:*  Ulmic  acid,  C^TiiuOi^',  humic  acid,  C40H12O1,;  geic  acid, 
C40H12O14;  apocrenic  acid,  C^gH^O^;  and  crenic  acid,  C^H^Oig.' 

All  this  reads  as  though  the  matter  were  very  simple,  but  the  truth 
is  that,  although  Mulder  may  have  been  in  many  ways  in  advance  of 
his  time,  he  was  not  able  at  a  time  when  organic  chemistry  was  in  its 
infancy  to  clear  up  in  so  simple  a  manner  one  of  the  most  complicated 
problems  this  branch  of  science  has  to  deal  with,  viz,  the  composition 
of  the  organic  matter  in  the  soil. 

Early  investigators,  including  Mulder,  soon  found  that  sugar, 
starch,  carbohydrates  generally,  and  even  albuminous  bodies,  when 
treated  with  strong  acids  or  alkalies  gave  rise  to  dark-colored  com- 
poimds  having  the  same  general  appearance  and  properties  as  the 
humus  bodies  arising  in  the  soil  through  decay.  The  same  names 
were  appUed  to  these  compounds  and  there  was  a  general  assump- 


a  Ann.  Chim.  Phys.,  12,  191  (1819). 

^Lehrbuch,  3rd  edit.,  I,  p.  534. 

c  Ann.  Chim.  Phys.,  48,  273  (1830). 

<*  Ann.  Chim.  Phys.,  69,  407  (1835). 

« Jour,  prakt.  Chem.,  21,  203,  321  (1840);  82,  321  (1844). 

/The  Chemistry  of  Vegetable  and  Animal  Physiology,  trans,  by  Fromberg,  1849, 
p.  146. 

0  Loc.  cit.,  p.  150. 

*  Loc.  cit.,  pp.  150  and  162. 

<  These  formulas  are  on  the  old  basis  and  to  be  modernized  the  hydrogen  should  be 
doubled. 
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tion  that  those  in  the  soil  and  those  produced  in  the  laboratory  were 
the  same.  As  the  number  of  investigators  increased  there  soon  arose 
disagreements  regarding  the  composition  of  some  of  these,  par- 
ticularly humic  acid,  from  several  sources,  it  being  found  that  the 
carbon  content  of  these  different  preparations  varied  quite  widely. 
Mulder  attempted  to  reconcile  such  conflicting  figures  by  showing 
that  there  were  several  kinds  of  humus  and  humic  acids  different  in 
their  character  and  fixed  in  their  composition.^ 

He  held  that  the  different  humic  acids  might  have  a  different  com- 
position due  to  the  presence  of  one  or  more  molecules  of  water  so 
held  that  it  could  not  be  driven  off  at  140°  C.  For  instance,  he  gives 
the  following  formulas:^ 

Humic  acid  from  sugar:  C^qHijOij. 

Humic  acid  from  Hard  turf:  C^oH^Oij+SHO. 

Humic  acid  from  an  arable  soil:  C40H12O12+4HO. 

One  of  the  points  of  issue  between  these  early  investigators  was 
whether  humic  acid  and  allied  bodies  contained  nitrogen  as  a  com- 
ponent. Mulder  held  that  nitrogen  was  not  a  component  of  these 
bodies  but  was  present  as  ammonia,  that  is,  the  acids  were  present 
in  the  soil  as  ammonium  salts, ""  and  in  this  connection  he  says: 

In  a  good  arable  soil — ^that  is,  one  in  which  the  organic  constituents  are  as  far  as 
possible  decomposed — ^none  of  these  substances  contain  nitrogen  as  a  constituent 
element;  all  their  nitrogen  exists  in  the  state  of  ammonia. 

Detmer  came  to  the  opposite  conclusion''  on  this  point,  claiming 
that  the  nitrogen  in  humic  acid  as  obtained  w^as  present  in  organic 
combination.  His  conclusion  was  based  on  the  fact  that  his  humic 
acid,  containing  nitrogen,  when  treated  with  potassium  hydrate  gave 
off  no  ammonia,  and  only  a  small  amoxmt  of  nitrogen  was  given  off  in 
treatment  with  alkaline  hypobromate.  Later,  however,  Detmer 
stated  that  humic  acid  could  be  purified  and  obtained  nitrogen  free.  * 

He  gave  for  the  acid  the  formula  C^oHj^Ogy  and  also  gave  the  fol- 
lowing formulas  for  salts:  CeoH^eOaTCaaCNH^)^,    CeoH^eOjyFejCNHJj, 

From  time  to  time  there  have  been  reported  since  the  preliminary 
work  outhned  above,  descriptions  and  formulas  for  humic  acid  and 
related  bodies,  the  net  result  being  about  as  many  formulas  as 
investigators,  the  only  agreement  being  a  general  one  of  source, 
preparation,  and  somewhat  vague  properties. 


a  Bui.  Sc.  Phy.  et  Nat.  Neerl.,  1840,  pp.  1-102. 

2>  The  Chemistry  of  Vegetable  and  Animal  Physiology,  p.  154.    Formulas  on  the 
old  basis  of  0=8. 

c  Loo.  cit.,  p.  146.     Chemie  der  Ackerkrume,  II,  256  (1862). 
d  Landw.  Vers.-Stat.,  14,  248  (1871). 
«  Jahresb.  Fortsch.  Chemie,  1873,  p.  844. 
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Ulmic  acid,  according  to  Malaguti  °  had  the  formula  CigHuOe. 
Stein  *  ascribed  to  the  humuslike  bodies  obtained  by  the  action  of 
hydrochloric  acid  on  sugar  the  formula  C^H^fig,  Lefort*"  obtained 
from  rotten  wood  a  humic  acid  to  which  he  ascribed  the  formula 
C^HigOjy.  Liebmaim  and  Lettmayer  ^  obtained  what  they  claimed 
was  the  ammonium  sodium  potassium  salt  of  humic  acid.  The 
humic  acid  prepared  from  this  by  precipitation  contained  carbon, 
53.6  per  cent,  and  hydrogen,  4.9  per  cent.  Thenard  ^  prepared 
what  he  claimed  was  pure  humic  acid  free  from  nitrogen  and  ash  and 
gave  the  formula  C^HiJOiq,  Mayer  ^  obtained  from  Dopplerite  a 
humic  acid  having  the  formula  C„HigOj,.  Demel^  described  the 
calcium  salt  of  a  humic  acid  having  the  formula  C24ll22CaOi2.  Con- 
rad and  Guthzeit  *  obtained  by  action  of  acids  on  carbohydrates  a 
humic  acid  containing  62.3  to  66.5  per  cent  carbon  and  3.7  to  4.6 
per  cent  hydrogen.  Hoppe-Seyler  *  described  humic  acid  obtained 
from  brown  coal  which  had  the  formula  CjqHjjOio;  ^^^  ^^  ^^^  barium 
salt  showed  the  composition  BaCjeH-jOn  he  considered  the  body 
obtained  as  the  anhydride  of  an  acid  CjeHj^Ou.  Berthelot  and 
Andre-'  by  the  action  of  hydrochloric  acid  on  sugar  obtained  a  humic 
acid  to  which  they  gave  the  formula  CjgHieOy.  This,  they  claim, 
when  heated  to  110°  C.  gave  an  anhydride  Ci^Ki^Og.  They  further 
described  the  properties  of  this  body*  and  stated  that  it  was  of  the 
nature  of  a  lactone. 

As  has  already  been  stated,  the  object  in  reviewing  the  literature 
on  this  soil  organic  matter  is  for  the  purpose  of  arriving  at  some  con- 
clusion regarding  the  availability  of  such  information  as  may  be 
found  there  as  a  guide  in  a  systematic  search  for  such  soil  compounds 
as  are  harmful  to  plants.  In  other  words,  the  chief  concern  at  this 
stage  of  the  present  inquiry  is  the  names  and  composition  of  humus 
bodies  as  definite  organic  compounds  and  their  claim  to  recognition 
as  such,  rather  than  the  broader  question  of  the  source  and  method 
of  formation  of  such  bodies  and  their  relation  to  other  bodies  in  the 
soil. 

Leaving  discussion  of  the  results  obtained  by  the  workers  quoted 
for  subsequent  pages,  it  is  not  out  of  place  here  to  note  that  the  most 
conspicuous  feature  of  this  work  is  the  discordant  results  obtained 
for  bodies  bearing  the  same  name  and  often  from  the  same  source. 

During  the  period  when  the  early  work  on  humus  bodies  was  being 
carried  on,  there  was  begun  an  investigation  along  another  closely 

a  Ann.  Chiin.  Phys.,  69,  407  (1835).  ^Monatsh.  Chem.,  8,  763  (1883). 

&Ann.  Chem.,  80,  84  (1839).  hUoT.  chem.  Ges.,  19,  2850  (188G). 

cZeitich.  Chem.,  1867,  p.  669.  *  Zeitsc^h.  physiol.  Chem.,  13, 109  (1889). 

dBer.  chem.  Ges.,  7,  408  (1874).  i  Ann.  Chim.  Phya.,  26,  364  (1892). 

« Jahreeb.  Fortsch.  Chem.,  1876,  p.  878.  *  Compt.  rend.,  141,  433  (1905). 
/^Landw.  Vere.-Stat.,  29,  313  (1883). 

71078— Bull.  53—09 3 
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related  line,  although  at  first  sight  this  close  relation  might  not  be 
apparent.  This  was  the  study  of  the  coloring  matter  in  urine,  either 
under  normal  or  pathological  conditions,  or  produced  by  chemical 
treatment. 

The  early  work  on  this  subject  was,  as  might  be  expected,  rather 
crude,  and  each  investigator  obtained  different  results  and  gave 
different  and  sometimes  somewhat  fanciful  names  to  what  they 
regarded  as  definite  compounds.  Udr&nszky  in  1887  gathered 
together  the  loose  ends  left  by  these  investigators  and  as  a  result  of 
his  own  work  stated  that  the  darkening  of  urine  on  boiling  with 
acids  was  due  to  a  humuslike  body  formed  from  the  reducing 
substances  in  the  urine.*  Following  this  came  the  work  of  Hoppe- 
Seyler^  and  Schmiedeberg  *"  along  closely  related  lines  and  it  soon 
came  to  be  recognized  by  physiological  chemists  that  plant  or 
animal  tissues  or  fluids,  if  they  contain  a  carbohydrate  group, 
either  free  or  as  part  of  a  more  complex  molecule,  will,  if  heated  with 
strong  acids,  give  rise  to  bodies  of  a  humus  nature.  Schmiedeberg 
drew  attention  to  the  fact  that  the  humus  bodies  so  formed  resemble 
in  appearance,  properties,  and  compositioir  the  bodies  known  as 
melanins  and  proposed  for  the  artificially  prepared  bodies  the  name 
melanoidins. 

The  melanins  are  dark-colored  amorphous  pigments  found  in  hair, 
skin,  and  the  choroid  coat  of  the  eye  and  in  pathological  tissues  such 
as  sarcoma.  They  always  contain  carbon,  oxygen,  and  nitrogen, 
and  generally  either  iron  or  sulphur  or  both.  They  all  agree  in  high 
carbon  and  low  hydrogen  content,  but  otherwise  the  composition  varies 
according  to  the  source.  They  do  not  give  any  of  the  reactions  for 
proteins,  nor  so  far  as  known  any  other  special  reactions.  They  are 
soluble  in  alkalies  and  are  precipitated  from  such  solutions  by  acids. 
In  this,  in  general  composition,  color,  and  the  absence  of  any  distinc- 
tive reactions,  the  resemblance  between  the  melanins  and  the  humus 
bodies  of  the  soil  lies.  The  decomposition  products  of  the  melanins 
have  been  studied  especially  by  Zdarek  and  Zeynek,^  Berdez, 
Nencki  and  Sieber,^  and  Hoppe-Seyler,^  but  it  is  thought  by  some 
that  the  derivatives  found  by  these  may  have  been  impurities  in  the 
original  material  examined.  In  any  case  there  is  at  present  no  knowl- 
edge of  the  constitution  of  these  bodies,  nor  even  is  it  known  whether 
they  are  mixtures  or  a  group  of  closely  related  bodies.     Spiegler^ 

«Zeitarh.  physiol.  Chem.,  11,  537  (1887);  12,  33  (1888). 

b  Zeitsch.  physiol.  Chem.,  18,  66  (1889). 

<-Archiv.  exper.  Path.  u.  Pharm.,  89,  1  (1897). 

dZeitsch.  physiol.  Chem.,  86,  493  (1902). 

c  Archiv.  exper.  Path.  u.  Phann.,  20,  346,  362  (1885);  24,  17  (1888). 

/Zeitsch.  phyHiol.  Chem.,  16,  179  (1891). 

^ Hofmeister's  Beitr.,  4,  40  (1903). 
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has  pointed  out  that  the  melanins  may  show  quite  different  chemical 
reactions  from  the  melanoidins. 

The  identity  of  melanins  or  natural  pigments  of  animal  origin  with 
melanoidins  or  humus  bodies  is  as  yet  undetermined,  as  might  well  be 
the  case  with  what,  so  far  as  our  present  knowledge  goes,  may  be 
mixtures  of  several  amorphous  bodies.  The  fact  remains  that  these 
two  groups  of  bodies  are  evidently  closely  related,  and  this  con- 
vergence of  two  separate  lines  of  investigation,  one  purely  physiolog- 
icaland  the  other  agricultural,  till  they  meet  in  bodies  closely  related, 
if  not  identical,  is  of  great  interest. 

Recent  work  on  humus  bodies  is  not  very  extensive,  but  what  there 
is  tends  largely  to  discredit  the  claims  of  the  bodies  described  by 
earlier  workers  to  recognition  as  definite  chemical  compounds.  For 
instance,  Post*  and  MuUer  ^  point  out  that  the  humus  bodies  obtained 
from  soils  are  often  the  chitin  remains  of  insects,  or  the  excrement  of 
animals,  and  Korstyscheff^  that  these  humus  bodies  may  often  be 
remains  of  bacteria  and  molds.  In  1904,  Malkomesius  and  Albert** 
published  analyses  of  humic  acids,  so  called,  including  the  prepara- 
tions of  Merck  and  Krantz  and  a  natural  deposit  known  as  Cassel 
brown.  The  figures  obtained  by  them  for  hydrogen  and  carbon 
were  approximately  the  same  as  those  obtained  by  Detmer  for  humic 
acid  from  turf  already  quoted.'  Schermbeck,^  however,  shows  that 
the  material  analyzed  and  called  humic  acid  by  these  authors  was  in 
large  part  a  mixture  of  waxes  and  resins.  As  evidence  of  the  vari- 
ability of  the  so-called  natural  humus  bodies  the  work  of  Cameron 
and  Breazeale^  may  be  cited,  showing  that  the  carbon  in  humus  ob- 
tained in  the  usual  way  from  a  number  of  typical  American  soils 
varied  in  carbon  content  from  33.3  per  cent  to  50  per  cent. 

Two  papers  have  recently  appeared  presenting  research  work  on 
humus  bodies  which  are  particularly  valuable  contributions  to  our 
knowledge  of  these  bodies,  in  that  the  problem  is  attacked  from  new 
points  of  view,  and  by  methods  not  heretofore  utilized  in  the  study 
of  these  bodies. 

Suzuki*  reports  results  obtained  by  treating  nitrogen-containing 
humic  acid  from  different  sources  wnth  boiling  hydrochloric  acid  and 
then  subjecting  the  solution  obtained  to  esterification  and  fractional 
distillation  according  to  the  method  of  Fischer.*    By  this  treatment 

aLandw.  Jahrbiicher,  1888,  p.  405. 

^Studien  iiber  die  natOrlichen  Humusformeu,  Berlin,  1887,  p.  173. 

cAnnales  Agronomiques,  17,  17  (1891). 

rfjour.  prakt.  Chem.,  70,  509  (1904). 

«Jahre»b.  tiber  Fortsch.  Chem.,  1873,  p.  844. 

/Joum.  prakt.  Chem.,  76,  517  (1907). 

i^Jour.  Am.  Chem.  Soc.,  26,  43  (1904). 

*Bul.  Coll.  Agr.,  Tokyo,  7,  513  (1907). 

•Zeitach.  physiol.  Chem.,  88,  151,  412  (1901). 
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he  separated  and  identified  the  esters  of  most  of  the  monamino  and 
diamino  acids  and  other  decomposition  products  obtained  on  boiling 
protein  bodies  with  acids  and  in  addition  obtained  a  quantity  of 
unidentified  acids.  The  conclusion  drawn  from  this  work  is  that  humic 
acid  consists  for  the  most  part  of  an  insoluble  body  of  a  protein 
nature  and  that  amino  bodies  are  not  present  as  such.  The  latter 
part  of  this  conclusion  would  seem  not  to  be  warranted  by  the  work 
as  stated.  It  is  quite  possible  for  some  of  the  decomposition 
products  which  were  obtained  to  have  been  present,  though  doubt- 
less in  smaller  amounts,  in  the  humic  acid  before  treatment  w4th 
boiling  acids  and  to  have  escaped  detection  by  the  tests  made. 
The  work,  however,  does  prove  that  the  humic  acid  examined  by 
him  was  either  of  protein  nature,  a  mixture  of  protein  decomposi- 
tidn  products,  or  probably  both,  together  with  some  as  yet  unknown 
bodies. 

In  a  paper  on  the  chemistry  and  physiological  action  of  the  humic 
acids'*  Robertson,  Irvine,  and  Dobson  report  investigations  into  the 
chemical  composition  and  constitution  of  humic  acids.  These  authors 
obtained  four  preparations  of  humic  acid — two  natural,  from  peat  by 
treatment  with  ammonium  and  potassium  hydrate,  respectively,  and 
two  artificial,  by  boiling  sugar  with  hydrochloric  acid  and  treating 
portions  of  the  browTi  amorphous  material  so  obtained  with  ammonia 
and  potassium  hydrate.  They  found  some  difference  in  composition 
of  the  natural  preparations,  that  obtained  through  ammonia  contain- 
ing 54.24  per  cent  carbon,  while  that  through  potassium  hydrate  con- 
tained 56.67  per  cent.  The  artificial  preparations  were  almost 
identical  in  composition,  except  that  the  one  obtaihed  through  am- 
monia contained  0.76  per  cent  nitrogen,  w^hile  the  other  was  nitrogen 
free.  This  nitrogen  the  authors  speak  of  as  combined,  an  assumption 
w^hich,  in  view  of  the  great  absorptive  power  of  humus  bodies  for 
ammonia,  is  not  warranted  in  the  absence  of  direct  evidence  of  such 
combination.  In  these  preparations  the  authors  determined  meth- 
oxyl,  CllgO,  by  the  method  of  Zeisel''  and  found  such  a  wide  dif- 
ference between  the  natural  and  artificial  preparations  in  this  re- 
spect that  the  only  conclusion  justified  is  that  there  ai;e  important 
diflferences  in  constitution,  despite  the  general  agreement  of  proper- 
ties and  composition.  In  the  humic  acid  from  peat  1.71  to  2.47 
per  cent  CHgO  w^as  found,  while  in  that  from  sugar  6.47  per  cent  was 
obtained. 

Considerable  space  in  this  paper  is  devoted  to  a  discussion  of 
the  empirical  formula  of  humic  acid,  but  the  discussion  is  bjised  on 
the  assumption  that  the  bodies  obtained  in  the  manner  stated  and 
called  humic  acid  are  definite  organic  compounds,  an  assumption 
which  is,  vls  will  be  shown,  questionable. 

o  Bio-Chem.  Jour.,  2,  458  (1907).  b  Monatijh.  Chem.,  B,  989  (1885). 
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These  results,  obtained  by  investigations  scattered  over  the  last 
seventy  years — results  in  many  cases  widely  at  variance  with  one 
another  and  viewed  as  a  whole  disconnected  and  fragmentary — are  all 
that  the  student  of  the  present  day  has  presented  to  him  in  answer 
to  the  question,  What  do  we  know  of  humus  organic  matter  in  the  soil? 
How  much  of  this  is  true,  how  much  erroneous,  what  shall  be  ac- 
cepted and  what  rejected,  are  obviously  questions  that  must  be  met  at 
the  outset.  This  has  been  met  either  consciously  or  unconsciously 
by  all  workers  or  wTiters  in  agriculture,  in  ways  which  may  be 
summed  up  as  follows: 

A  few  agricultural  writers  accept  some  of  the  original  names 
applied  to  humus  bodies,  notably  humic  acid,  ulmic  acid,  and  ulmin, 
and  these  names  they  use  as  though  they  were  definite  bodies  of  well- 
established  composition  and  constitution.  There  is  probably  in  the 
minds  of  these  writers  no  definite  idea  of  composition  or  constitution, 
or  even  any  thought  given  to  that  side  of  the  question,  but  the  terms 
are  used  consistently  and  humates  and  ulmates  are  spoken  of  with 
the  same  certainty  that  one  might  speak  of  oxalates  or  citrates. 

Other  writers,  the  majority  probably,  if  they  have  to  speak  of 
humus  bodies  as  a  class,  state  that  they  are  probably  complex  mix- 
tures of  little-knowTi  bodies,  but  when  they  treat  the  broader  subject 
of  plant  food  and  the  fimction  of  humus  in  the  soil  they  inconsistently 
speak  of  humates,  ulmates,  etc.,  with  the  same  assurance  as  the 
first  class. 

A  third  class  holds  that  the  names  applied  by  Mulder  to  humus 
bodies  are  names  only;  that  the  acid  character  of  these  so-called  acids 
has  never  been  demonstrated;  and  further,  that  there  is  no  evidence 
that  the  bodies  so  designated  are  definite  compounds,  but  rather  in 
most  cases  that  they  are  complex  mixtures.  The  statement  by  Came- 
ron and  Bell"  puts  the  case  concisely,  *'The  existence  itself  of  these 
acids  has  never  been  demonstrated  *  *  *  No  satisfactory  descrip- 
tions of  the  physical  or  chemical  properties  of  these  supposed  acids, 
their  salts,  or  characteristic  derivatives,  have  been  recorded,''  and 
this  view  can  not  be  too  strongly  emphasized.  Most  physiological 
chemists,  to  whom  the  unknowTi  constitution  and  uncertain  compo- 
sition of  humus  bodies  or  melanoidins  is  the  most  prominent  charac- 
teristic, not  to  speak  of  the  resemblance  to  melanins,  also  bodies  of 
unknown  constitution  and  variable  composition,  likewise  concur  in 
this  view. 

Very  brief  consideration  of  the  status  of  organic  chemistry  at 
that  early  time  and  of  the  enormous  advance  made  since  then,  an 
advance  which  has   given   nearly   all  knowledge  included   in   that 

«Bul.  No.  30,  Bureau  of  Soils,  I'.  S.  Dept.  Agr.,  p.  39. 
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branch  of  science  at  the  present  time,  can  not  fail  to  convince  one  of 
the  futility,  not  to  say  absurdity,  of  accepting  unchallenged  the  find- 
ings of  these  early  workers.  Organic  chemistry  at  that  time  was 
essentially  elementary  analysis — the  determination  of  carbon,  hydro- 
gen, oxygen,  and  other  elements — and  observations  on  the  ordinary 
physical  properties  of  organic  bodies..  All  other  methods  depended  on 
at  the  present  day  for  establishing  the  identity  of  organic  compounds 
were  unknown.  The  records  of  this  early  work  give  meager,  if  any, 
information  regarding  crystalline  form  of  bodies  themselves,  or  of 
their  derivatives,  and  any  mention  of  melting  point  or  boiling  point 
is  lacking.  All  the  present  methods  of  addition,  substitution,  etc.,  by 
which  organic  compounds  are  arranged  in  classes  according  to  struc- 
ture were  unknown  or  not  recognized  at  their  true  value.  Isomerism 
was  not  recognized  and  modern  methods  of  molecular  weight  deter- 
mination were  not  in  use.  It  made  no  difference  whether  a  body  was 
amorphous  or  not,  it  was  only  necessary  to  have  a  mixture  of  bodies 
which  remained  somewhat  constant  through  simple  solution  and 
precipitation,  to  find  its  percentage  composition  of  carbon,  hydrogen, 
and  oxygen,  record  some  of  its  common  physical  properties,  and  give 
it  a  name  according  to  the  fancy  of  the  investigator,  and  it  was  estab- 
lished as  a  definite  organic  compound.  If  this  body  or  mixture  of 
bodies  gave  a  precipitation  with  some  mineral  or  alkaline  earth,  the 
precipitate  was  regarded  as  a  salt  and  the  organic  mixture  so  pre- 
cipitated was  called  an  acid.  Chlorophyll,  protein,  casein,  gelatine — 
bodies  regarding  which  our  knowledge  at  the  present  day  is  very 
incomplete — were  spoken  of  by  Mulder  and  his  contemporaries  with 
the  same  certainty  they  assumed  in  regard  to  oxalic  or  citric  acid, 
simply  because  they  had  all  been  subjected  to  elementary  analysis 
and  their  common  properties  observed. 

The  striving  of  some  of  these  early  workers  after  simple  relations 
between  organic  compounds  based  simply  on  elementary  composition 
is  one  of  the  most  prominent  features  of  their  work,  and  in  this  effort 
to  classify  compounds  the  statements  they  were  led  to  make  regarding 
bodies  which  we  now  know  stand  in  no  such  relationship  as  they 
supposed  is  perhaps  one  of  the  best  illustrations  of  the  primitive 
nature  of  organic  chemistry  at  that  time,  and  a  very  convincing  argu- 
ment against  iaccepting  any  of  their  work,  unless  verified  in  the  light 
of  our  present  knowledge.    Speaking  of  vegetable  acids,  Mulder  says :° 

Some  acids  exist  in  fruits,  and  it  is  worthy  of  remark  that  these  bear  all  a  simple 
relation  to  one  another. 

Citric  acid,  C4H204X3=Ci2HaOi2. 
Malic  acid,  Cja.^O^X2=C8B.fi^. 
Tartaric  acid,  C4H205X2=C8H40io. 
Protartaric  acid,  C4H2O5. 


«  The  Chemistry  of  Vegetable  and  Animal  Physiology,   trans.  Fromberg,   1849, 
p.  805. 
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Again,  in  speaking  of  ** gelatine  sugar":" 

Sulphuric  acid  when  acting  on  gelatine  forms  a  kind  of  sugar  containing  nitrogen, 
represented  by  CgH^N^Oy;  if  from  this  we  subtract  CeHftOj^J  equivalent  of  cane 
sugar,  there  remains  C2H4N20a=urea, 

a  straining  at  a  relationship  between  unrelated  compounds  which 
appears  absurd  to  us  now,  but  which  is  based  on  exactly  the  same 
kind  of  data  and  methods  of  reasoning  as  the  relations  stated  to 
exist  between  ulmic,  humic,  and  geic  acids. 

There  is  no  reason  to  suppose  that  these  early  workers  were  not 
competent  to  perform  elementary  analyses,  and  the  figures  given  for 
percentage  composition  may  be  received  as  accurate  for  the  material 
analyzed,  but  there  the  accuracy  stops.  There  is  no  reason  for  accept- 
ing the  formulas  given  or  for  the  assumption  that  the  bodies  examined 
are  definite  compounds.  In  fact,  there  is  abundant  evidence  that  such 
is  not  the  case.  There  is,  first,  the  amorphous,  ill-defined  nature  of 
the  bodies  in  question,  not  established  as  homogeneous  by  many 
modern'  methods  available  for  such  purpose;  then  the  various  and 
discordant  figures  for  percentage  composition  obtained  by  different 
workers  for  what  was  supposed  to  be  the  same  body;  some  evidence 
already  quoted,  obtained  by  workers  of  the  present  day,  that  these 
bodies  really  are  mixtures;  and,  finally,  very  simple  experimental  evi- 
dence establishing  this  fact  by  which  anyone  can  easily  satisfy  him- 
self. If  huniius  bodies  be  prepared  from  a  soil  in  the  usual  way  by 
extracting  the  soil  with  dilute  alkali  and  precipitating  these  bodies 
from  the  solution  so  obtained  by  acid,  there  results,  on  thoroughly 
washing  this  precipitate,  a  body  or  mixture  containing  carbon,  hydro- 
gen, oxygen,  nitrogen,  and  some  ash  ingredients.  If  this  precipitate 
is  again  dissolved  in  alkali  and  precipitated  again,  there  is  obtained 
a  mixture  containing  carbon,  hydrogen,  oxygen,  and  nitrogen  in 
quite  different  proportions  from  the  first  precipitate.  This  can  be 
repeated  again  and  again,  each  time  obtaining  different  results  as  to 
elementary  composition.  It  is  of  interest  to  note  in  this  connection 
that  if  this  be  repeated  several  times  a  point  is  reached  where  the 
humus  precipitate  becomes  colloidal  and  passes  through  the  filter. 
It  is  evident  that  by  this  procedure  one  could  obtain  as  many 
humic  acids  as  there  were  stages  in  the  operation,  although  the 
composition  varies  less  and  less  as  one  proceeds.  In  reality,  the 
first  precipitate  is  a  mixture,  and  some  of  the  bodies  which  seem 
to  be  held  absorbed  in  this  precipitate  are  removed  by  the  sub- 
sequent operations  and  appear  in  the  filtrates.  This  phenomenon 
is  similar  to  that  met  with,  for  instance,  in  the  analysis  of  the 
hydrochloric  acid  extract  of  a  soil.  In  this  case  the  bulky  gelatinous 
precipitate  of  iron  and  alumina  hydrates  retain  some  of  the  lime, 
and  this  can  not  be  removed  by  washing,  but  can  be  removed  by  dis- 

aLoc.  cit.,  p.  233. 
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solving  the  precipitate  in  acid  and  reprecipitating.  Again,  if  th^  first 
precipitate  obtained  as  above,  the  so-called  humic  acid,  be  treated 
with  solvents,  such  as  alcohol  or  ether,  it  is  easy  to  obtain  therefrom 
bodies  or  mixtures  of  quite  different  composition  and  properties  from 
the  original  mixture.  Further,  in  the  case  of  the  so-called  artificial 
humic  acid,  for  instance,  that  produced  on  heating  sugar  with  hydro- 
chloric acid,  the  composition  of  the  resulting  dark-colored  amor- 
phous body  varies  quite  widely  as  influenced  by  concentration  of  the 
acid  or  length  of  time  of  heating. 

The  only  conclusion,  then,  that  can  be  reached  from  this  survey  of 
the  literature  is  that  humic  acid  and  allied  bodies  are  mixtures  of 
unknoA^Ti  compounds,  and  that  if  there  is  a  single  compound  making  up 
the  major  portion  of  the  so-called  humic  acid,  it  is  as  yet  of  unknown 
composition,  constitution,  and  properties,  and  that  these  bodies, 
whatever  they  may  turn  out  to  be,  may  be  defined  as  those  dark- 
colored  amorphous  compounds  arising  in  soils  through  the  decay  of 
organic  matter.  In  this  group,  then,  would  be  included  those  soluble 
in  alkalies,  the  so-called  ulmic  and  humic  acids,  and  also  those  insolu- 
ble, in  alkalies,  known  as  ulmin  and  humin. 

As  doubtful  as  is  the  constitution  or  even  composition  of  these 
supposed  bodies,  even  more  so  is  their  action,  harmful  or  otherwise, 
on  plants,  and  no  further  discussion  is  called  iFor  by  the  purpose 
and  scope  of  the  present  bulletin. 

SEPARATION   OF  NOITHUMUS   BODIES. 

The  knowledge  to  be  gleaned  from  a  survey  of  the  literature,  of 
compounds  other  than  these  dark-colored  mixtures  discussed  above  is 
somewhat  more  definite  in  character.  Crenic  and  apocrenic  acid  are 
the  only  nonhumus  bodies  recognized  by  Mulder  and  others  of  his 
day.  These  acids  were  first  described  by  Berzelius**  and  further 
described  by  Mulder.  The  status  of  these  bodies  is  exactlv  that  of 
humic  acid  and  other  soil  bodies  described  by  Mulder,  and  all  that 
has  been  said  regarding  the  one  class  may  be  applied  to  the  other. 
There  is  no  evidence  that  any  such  definite  organic  compound  of  the 
composition  and  properties  described  exist  in  soils. 

The  possibility  of  there  being  other  organic  nonhumus  bodies  than 
these  was  early  recognized,  and,  as  has  already  been  noted,  played  a 
part  in  the  early  discussion  whether  humic  acid  contained  nitrogen 
as  a  component.  It  was  not,  however,  until  comparatively  recent 
times  that  anything  definite  appeared  along  this  line,  and  all  the 
information  so  far  obtained  and  suggested  centers  around  the  organic 
nitrogenous  compounds.  Among  workers  who  contributed  to  the 
literature  on  the  question  of  the  character  of  the  nitrogen  in  humus 
bodies  may  be  mentioned  Loges,**  who  found  that  a  hydrochloric 

«  Pogg.  Ann.,  29,  1  (1833).  b  Landw.  Vers.-Stat.,  82,  201  (1886). 
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acid  extract  of  a  soil  contained  a  nitrogen-holding  humus  body  which 
yielded  a  precipitate  with  phosphotungstic  acid,  and  Eggertz,*  who 
found  from  analyses  of  thirteen  samples  of  humus  that  the  nitrogen 
content  varied  from  2.59  per  cent  to  6.43  per  cent,  and  that  it  was 
present  in  organic  combination,  not  as  ammonia.  This  conclusion 
he  based  on  the  fact  that  the  nitrogen  could  not  be  removed  by  re- 
peated solution  in  alkali  and  precipitation  with  acids.  The  proba- 
bility of  the  presence  in  soils  of  organic  nitrogenous  compounds  not 
in  combination  with  the  humus  apparently  received  very  little  atten- 
tion until  quite  recently. 

Baumann^  in  1887  suggested  the  presence  of  amino  compounds  in 
soils,  basing  the  suggestion  on  the  fact  that  on  boiling  soils  with 
hydrochloric  acid,  anunonium  compounds  not  originally  present  are 
formed.  Berthelot  and  Andre*'  concluded  from  their  investigations 
that  the  nitrogenous  compounds  in  the  soil  were  chiefly  insoluble 
amids  which  are  easily  split  into  ammonia  and  soluble  amids.  War- 
ringtoii^  demonstrated  the  presence  of  small  quantities  of  soluble 
amids  in  soils,  and  Sestini*  showed  that  at  least  a  portion  of  the  soil 
nitrogen  was  present  as  amino  acids.  Dojarinko  ^  obtained  from  Rus- 
sian black  soils  large  quantities  of  amino  nitrogen.  In  1905  Shorey^ 
published  results  obtained  by  the  application  of  the  methods  of 
Housmann,*  as  modified  by  Osborne  and  Harris,^  to  soil.  The  object 
of  this  method  is  a  classification  of  the  decomposition  products  ob- 
tained on  boiling  protein  with  strong  acids  and  the  results  obtained 
indicate  the  presence  of  some  of  these  decomposition  products  or  com- 
pounds which  give  rise  to  them  on  boiling  with  acid.  None  of  these 
mvestigations  deal  with  the  isolation  or  identification  of  any  definite 
amino  compound,  but  are  merely  attempts  to  classify  a  portion  of  the 
organic  matter,  and  serve  as  an  indication  of  what  might  be  found  in 
the  soil,  and  neither  the  results  obtained  nor  the  methods  used  need 
be  commented  on  here. 

Considering  now  nitrogenous  compounds  not  of  an  amino  nature, 
Berthelot  and  Andrei  obtained  results  on  the  distillation  of  soils 
which   suggested   to   them   the   presence   of  a   pyridine   compound. 

a  Meddelanden  fran  Konigl.     Landbruks-AkademienH  Exporimentalfiilt.     Stock- 
holm, 1888,  pp.  1-66;  Centralbl.f.  Aj^r.  Chem.,  188*9,  p.  75. 
&  Landw.  Vera.-Stat.,  88,  247  (1887). 
c  Compt.  rend.,  108,  1101  (1886). 
^  Chem.  NewH,  66,  27  (1887). 
«  Landw.  VerH.-Stal.,  61,  153  (1899). 
/Landw.  Vers.-Stat.,  66,  311  (1902). 
9  Agr.  Invest.  Hawaii  in  1905,  Report  of  ('hemist,  p.  34. 
A  Zeitach.  physiol.  Chem.,  27,  95  (1899). 
*  Jour.  Am.  Chem.  Soe.,  22,  323  (1900). 
;■  Compt.  rend.,  112,  598  (1891). 
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Recently  Shorey  **  has  isolated  from  an  Hawaiian  soil  a  pyridine 
compound,  picoline  carboxylic  acid,  which  appears  to  be  the  first  iso- 
lation and  identification  of  a  definite  crystalline,  organic  compound 
from  a  soil. 

Of  the  isolation  of  nonhumus  compounds  not  containing  nitrogen 
there  is  no  mention  in  the  literature  except  statements  that  humic 
acid,  as  originally  obtained,  often  contains  waxes  and  resins,  and  that 
compounds  Uke  acetic  acid,  formic  acid,  alcohol,  etc.,  have  been 
detected. 

Summing  up  this  survey  of  the  literature,  it  might  be  stated  that 
the  most  conspicuous  feature  is  lack  of  specific  knowledge  concerning 
the  organic  matter  of  the  soil.  The  humus  bodies  are  a  group  of 
compounds  of  unknown  composition  and  constitution,  some  of  which 
seem  to  resemble  the  natural  animal  pigments  known  as  melanins, 
themselves  bodies  of  indefinite  composition  and  unknown  constitu- 
tion, apparently  of  a  protein  nature.  There  is  some  evidence  that 
amino  compounds  are  present  in  certain  soils,  but  beyond  this  there 
is  no  knowledge  what  members  of  this  large  group  of  nitrogenous 
bodies  may  be  present.  The  presence  of  waxes,  resins,  and  other 
difficultly  decomposable  plant  residues  is  indicated,  and  finally  there 
is  the  isolation  of  a  single  nitrogenous  compound  picoline  carboxylic 
acid,  which  doubtless  constitutes  but  a  very  small  portion  of  the 
organic  matter. 

It  may  not  be  out  of  place  to  remark  that  this  ignorance  concerns 
an  important  soil  ingredient,  the  presence  of  which  ma^es  soil  out  of 
what  would  otherwise  be  rock  powder  or  sand.  As  has  been  stated 
in  a  previous  bulletin,  *  the  amount  of  organic  matter  in  ordinary 
soils  is  appreciably  large,  for  as  the  result  of  analyses  of  several 
thousand  samples  of  soil  from  all  parts  of  the  United  States, 
Cameron  «=  has  shown  that  the  average  organic  content  of  soils  is 
2.06  per  cent  and  of  subsoils  0.83  per  cent.  If  the  soil  be  taken  as 
8  inches  deep,  there  would  be  an  average  of  28  tons  of  organic 
matter  in  the  soil  per  acre  and  50  tons  in  the  soil  and  subsoil  to 
the  depth  of  2  feet. 

There  are,  then,  in  most  soils  tons  of  organic  matter,  matter  which  is 
constantly  being  changed  through  the  activity  of  micro-  and  macro- 
organisms,  through  cultivation  and  fertilization;  matter  which  in- 
cludes bodies  harmful  to  vegetation,  other  bodies  probably  beneficial, 
and  still  other  bodies  wholly  inert,  but  matter  about  which  there  is 
very  little  chemical  knowledge. 


a  Report  Hawaii  Agr.  Expt.  Sta.,  1906,  p.  37. 

b  Bui.  No.  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  p.  10, 

c  Jour.  Am.  Chem.  Soc,  27,  256  (1905). 
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EXPEBIMEirTAL  METHODS. 

The  problem  which  the  student  of  soil  fertility  has  to  face  may  now 
be  stated  tentatively  as  follows:  Many  soils  are  infertile  because  of 
the  presence  in  them  of  organic  matter  inhibitory  to  crops.  Of  this 
organic  matter,  which  is  presumably  relatively  small  in  amount, 
nothing  definite  is  known  chemically.  Not  only  this,.but  on  a  survey 
of  the  investigations  into  the  nature  of  soil  organic  matter  which  have 
been  carried  on  in  the  last  seventy  years  it  is  foxmd  that  there  is 
nearly  a  total  absence  of  the  proof  of  the  presence  of  any  definite 
organic  compound  in  the  soil,  either  harmful  or  otherwise.  How  can 
some  knowledge  be  obtained  of  the  chemical  nature  and  properties  of 
these  bodies,  that  there  may  be  intelligent  treatment  of  soils  contain- 
ing them,  treatment  that  will  bring  about  certain  destruction  or 
change  of  the  harmful  bodies,  or  prevent  their  formation,  instead  of 
the  rule-of-thumb  methods  now  in  use.  Obviously  one  way  to  attain 
this  knowledge  is  to  isolate  these  bodies  from  soils  and  study  their 
properties. 

To  anyone  who  realizes  the  paucity  of  knowledge  of  soil  organic 
matter,  which  has  been  emphasized  in  previous  pages,  it  will  be  appa- 
rent that  the  isolation  of  any  definite  organic  compounds  from  the 
soil  is  not  an  easy  task.  When  the  task  is  narrowed  down  to  the  iso- 
lation of  injurious  compoxmds,  the  diflBculties  are  greatly  increased. 
Before  outlining  the  methods  by  which  this  problem  has  been  ap- 
proached, some  of  these  difficulties  should  be  considered,  for  the 
matter  resolves  itself  into  a  choice  of  methods  to  surmount  these 
difficulties. 

It  is  evident,  .in  the  first  place,  that  for  any  organic  soil  compound 
to  be  harmful  to  plants  it  must  be  present  in  the  soil  solution;  that  is, 
it  must  be  at  least  slightly  soluble.  Investigations  have  shown  that 
many  organic  compounds  stated  in  the  literature  to  be  insoluble  are 
soluble  to  the  extent  of  a  few  parts  per  million  at  least,  and  sufficient 
in  many  cases  to  have  a  harmful  eflfect  on  plants  grown  in  the  solu- 
tion. The  water  extract  of  an  infertile  soil  usually  contains  but  a 
very  small  quantity  of  organic  matter,  and  it  is  a  reasonable  pre- 
sumption that  the  injurious  organic  compound  is  only  a  part  of  the 
total  organic  matter  present.  Such  being  the  case,  it  is  evident  that 
the  isolation  of  any  organic  compoxmd  from  a  water  extract  of  a  soil 
in  sufficient  amount  to  establish  its  identity  and  study  its  properties 
is  in  most  cases  a  problem  that  does  not  come  within  the  limitations 
of  laboratory  work.  In  other  words,  the  amount  of  soil  or  soil 
extract  necessary  to  handle  would  be  too  great  for  ordinary  labora- 
tory appliances  and  methods.  This  difficulty,  due  to  the  small  quan- 
tity of  organic  material  which  must  be  present  in  the  soil  solution,  is 
much  increased  by  the  fact  that  the  inhibiting  substances  are  un- 
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known  compounds  with  unknown  chemical  and  physical  properties. 
In  many  respects  the  isolation  of  an  injurious  substance  from  an  infer- 
tile soil  and  the  detection  in  animal  organs  of  a  poison  of  which  the 
identity,  properties,  characteristic  reactions  and  symptoms  produced 
are  all  unknown,  are  analogous. 

With  the  water  extract  of  a  soil  practically  unavailable  as  a 
source  of  the  tlnknow^n  compounds  under  the  present  limitations  of 
laboratory  work,  and  with  the  lack  of  methods  applicable  to  such 
research,  the  only  course  open  is  to  make  use  of  all  other  methods 
which  are  knowTi  or  can  be  devised  for  the  solution  of  the  soil  organic 
matter,  and  to  attempt  to  isolate  from  such  solution  definite  com- 
pounds, taking  advantage  of  proven  methods,  or  devising  new  one^. 

Before  stating  the  methods  which  have  been  used  with  different 
soils  in  the  attempt  to  isolate  from  them  organic  bodies,  and  the 
results  obtained  thereby,  there  are  a  few  facts  regarding  the  soil 
organic  matter  which  are  true  more  or  less  for  any  soil  and  which 
should  be  kept  in  mind  throughout  the  discussion  of  the  subject. 
The  organic  matter  in  soils  is  generally  but  little  soluble  at  ordinary 
temperatures  in  neutral  solvents,  such  as  alcohol,  ether,  or  chloroform. 
Dilute  acids  at  ordinary  temperatures  have  also  little  solvent  action 
on  soil  organic  matter,  and  if  heated  there  is  usually  a  change  effected 
in  the  constitution  of  some  of  the  organic  bodies.  Dilute  alkalies  at 
ordinary  temperatures  dissolve  relatively  large  quantities  of  soil  organic 
matter;  in  fact,  in  the  case  of  some  soils,  nearly  the  whole  of  the 
organic  matter  can  be  so  dissolved  by  repeated  treatments.  This 
treatment  of  soils  with  dilute  alkalies,  although  it  may  in  some 
cases  effect  a  change  in  the  constitution  of  some  of  the  organic  com- 
poimds,  especially  those  nitrogenous,  seems  at  present  the  only 
method  of  effecting  the  solution  of  a  large  part  of  the  organic  matter 
with  the  minimum  chance  of  changing  the  character  of  the  com- 
pounds sought,  and  for  this  reason  w^as  the  first  method  used  in  the 
attempt  to  isolate  harmful  oi^anic  bodies  from  the  soil. 

SEPABATION  OF  PIC0LII7E  CABBOXTIIC  ACID. 

The  soil  first  treated  in  this  way  was  from  Takoma  Park,  Md.,  and 
is  fully  described  in  a  former  bulletin.^  This  soil,  which  is  characterized 
physically  by  large  percentages  of  clay,  silt,  and  coarse  sand,  and  very 
Httle  of  the  intermediate  material,  is  quite  light  in  color  and  contains, 
contrary  to  what  might  be  expected  from  its  appearance,  3  per  cent 
organic  matter.  It  contains  0.1  per  cent  nitrogen,  and  analyses  of 
both  water  and  acid  solutions  indicate  the  presence  of  sufficient  min- 
eral plant  food  for  ordinary  crops.     It  is,  however,  an  exceedingly 

oBul.  No.  28,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 


SEPARATION    OF   PICOLTNE   CARBOXYLIC   ACID.  29 

infertile  soil  and  does  not  respond  readily  to  treatment  with  either 
stable  manure  or  commercial  fertilizers.  A  bacteriological  examina- 
tion of  a  sample  of  this  soil  by  Mr.  Karl  F.  Kellerman,  of  the  Bureau 
of  Plant  Industry,  showed  this  to  be  rather  low  in  bacterial  content 
though  active  in  denitrification. 

The  water  extract  of  this  soil  is  a  poor  medium  for  the  growth  of 
wheat  seedlings,  but  is  much  improved  by  treatment  with  carbon 
black,  by  dilution,  and  by  the  addition  of  pyrogallol  or  calcium  car- 
bonate. In  other  words,  field  observations  of  this  soil  indicate  that 
something  other  than  lack  of  plant  food  is  the  cause  of  infertility, 
and  laboratory  observations  confirm  this  and  in  addition  indicate 
that  this  infertility  is  due  to  the  presence  of  some  harmful  substance. 

Wlien  the  soil  is  treated  with  a  2  per  cent  solution  of  sodium 
hydrate  there  results  a  dark-colored  solution,  the  so-called  humus 
extract.  If  this  solution  after  separation  from  the  soil  residue  be 
treated  with  an  excess  of  acid  a  flocculent  dark-colored  precipitate 
is  formed,  the  so-called  humic  acid.  The  filtrate  from  this  is  dark 
colored  but  much  lighter  than  the  original  extract  and  contains  a 
portion  of  the  organic  matter.  On  bringing  this  extract  to  neutrality 
by  the  addition  of  sodium  hydrate  there  is  formed  a  further  precip- 
itate containing  both  organic  and  mineral  matter.  The  neutral 
filtrate  from  this  is  still  colored  dark  yellow  and  contains  a  consid- 
erable portion  of  the  organic  matter  originally  extracted  from  the  soil 
by  sodium  hydrate.  By  dissolving  both  of  the  above  precipitates 
again  in  sodium  hydrate  and  repeating  the  operations  of  acidifying, 
filtering,  neutralizing,  and  again  filtering,  there  can  be  obtained  a 
still  further  quantity  of  organic  matter  in  neutral  solution,  which 
can  be  mixed  with  the  first  portion. 

This  process  results  in  a  neutral  solution  containing  some  of  the 
organic  matter  and  a  comparatively  large  amount  of  a  sodium  salt 
resulting  from  the  neutralization  of  the  sodium  hydrate  used.  This 
neutral  solution  of  soil  organic  matter  gives  precipitates  upon  the 
addition  of  a  number  of  mineral  salts  such  as  basic  lead  acetate,  cupric 
acetate,  mercuric  nitrate,  and  silver  nitrate,  precipitates  which  contain 
organic  matter  and  are  usually  nitrogenous. 

In  this  method  of  obtaining  a  neutral  solution  of  soil  organic 
matter,  the  amount  so  obtained  in  solution  seems  to  be  approximately 
the  same,  whether  hydrochloric,  sulphuric,  or  nitric  acid  be  used  for 
neutralizing;  acetic  acid,  however,  usually  gives  a  smaller  amount 
in  solution  than  the  mineral  acids.  The  final  treatment  to  which 
the  solution  is  to  be  subjected  must  decide  what  acid  is  used  through- 
out, e.  g.,  hydrochloric  acid  would  not  be  used  if  there  were  any 
intention  of  using  silver  nitrate  as  a  precipitant,  nor  sulphuric  acid 
if  lead  subacetate  was  to  be  used. 
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METHOD  OF  ISOLATION. 

The  method  Imally  adopted  for  this  particular  soil  was  to  treat 
it  for  twenty-four  hours  with  frequent  shaking  with  2  per  cent 
solution  of  sodium  hydrate  free  from  chlorides,  allowed  to  stand 
until  the  soil  residue  settled  and  the  dark-colored  solution  siphoned 
off.  To  this  was  added  a  slight  excess  of.  nitric  acid  free  from 
the  lower  oxides  of  nitrogen  and  the  flocculent  humus  precipitate 
filtered  off.  The  acid  filtrate  was  then  exactly  neutralized  by  the 
addition  of  sodium  hydrate  and  the  precipitate  so  formed  filtered  off. 
To  the  resulting  neutral  solution  was  added  a  solution  of  silver 
nitrate  and  the  precipitate  formed,  which  was  slight  in  amount, 
w^as  allowed  to  settle,  the  clear  liquor  decanted,  and  the  precipi- 
tate collected  on  a  filter  and  washed  with  a  small  quantity  of  water. 
The  precipitate  while  still  moist  was  suspended  in  water  and  treated 
with  hydrogen  sulphide,  the  silver  sulphide  filtered  off,  and  the  filtrate 
evaporated  to  small  volume  on  a  water  bath  and  allowed  to  cool  slowly. 
There  was  thus  obtained  a  more  or  less  colored  residue  in  which 
crystals  formed.  The  crystals  were  separated  from  the  mother 
liquor,  washed  with  a  small  quantity  of  cold  water,  dissolved  in  hot 
water,  and  precipitated  again  with  silver  nitrate.  Filtration,  treat- 
ment wath  hydrogen  sulphide,  etc.,  being  now  repeated,  the  crystals 
were  usually  obtained  fairly  free  from  color  and  could  be  further 
purified  by  recrystallization  from  water. 

PBOPEBTIES  OF  THE  ISOLATED  COMPOT7ND. 

The  crystals  obtained  are  little  soluble  in  cold  water,  easily  in  hot, 
little  soluble  in  alcohol,  and  almost  insoluble  in  ether.  From  water 
the  compound  separates  in  oblique  prismatic  crystals  with  water  of 
crystallization  which  they  lose  at  100°  C.  In  Plate  I,  figure  1,  is 
shown  a  photomicrograph  of  these  crystals  obtained  by  allowing 
a  rather  dilute  solution  in  hot  water  to  cool  slowly,  and  figure  2  shows 
the  crystals  obtained  by  cooling  a  rather  concentrated  solution  in 
water.  The  latter  crystals  are  usually  very  thin  plates,  superim- 
posed, forming  large  scale-like  masses  and  giving  very  brilliant 
color  effects  with  polarized  light.  The  substance  sublimes  unchanged 
on  heating  in  an  open  dish  and  does  not  melt  in  a  capillary  tube  at 
300°  C.  A  water  solution  is  faintly  acid  to  litmus,  and  when 
neutralized  does  not  give  a  precipitate'  with  either  barium  chloride, 
calcium  chloride,  cadmium  sulphate,  or  lead  acetate.  Cupric  acetate 
gives  a  bluish  crystalline  precipitate,  insoluble  in  cold  water.  Silver 
nitrate  gives  a  flocculent  amorphous  precipitate. 
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IDENTEFICATION  AS  PICOUNE  CABBOXTLIC  ACID. 

The  crystals  have,  therefore,  the  appearance  and  properties  of  pico- 
line  carboxylic  acid,  which,  as  stated,  had  been  isolated  by  Shorey  from 
a  Hawaiian  soil  by  the  same  method.  The  compound  from  Hawaiian 
soil  was  further  identified  as  picoline  carboxylic  acid  by  its  corre- 
sponding water  of  crystallization,  its  nitrogen  content,  the  chlorine 
content  of  the  hydrochloride,  and  its  conversion  into  lutidinic  acid  on 
oxidation.  The  last-named  acid  is  characterized  by  crystallizing  in 
leaflets  little  soluble  in  cold  water  and  melting  at  239°  C,  and  giving  a 
yellowish  or  orange  color  with  ferrous  sulphate. 

The  preparation  obtained  from  the  Takoma  soil  having  the  proper- 
ties stated  above  was  compared  with  that  obtained  from  Hawaiian 
soil,  and  also  with  picoline  carboxylic  acid  prepared  artificially  in  the 
laboratory,  and  found  to  correspond  throughout. 

PICOLINE  CABBOXTLIC  ACID  AND  BELATED  C02iPOI7NDS. 

Picoline  carboxylic  acid,  which  has  heretofore  been  known  as  a 
laboratory  product  only,  has  been  described  by  Bottinger  «*  and  can 
be  prepared  by  heating  uvitonic  acid  to  274®  C.  Uvitonic  acid, 
which  is  methyl  pyridine  carboxylic  acid,  breaks  up  at  this  tempera- 
ture into  carbon  dioxide  and  picoline  carboxylic  acid,  as  shown  below: 

Uvitonic  acid.  Picoline  carboxylic  acid. 

C— COOH  C— COOH 

H-G     ^C-H  H-C        C-H 

COOH-C  C-CH3  H-C         r-CHj 

V  V 

Uvitonic  acid  can  be  easily  prepared  in  the  laboratory  by  treating 
pyruvic  acid  with  alcoholic  ammonia,  separating  the  precipitate 
formed,  washing  it  with  ether,  dissolving  it  in  water,  and  precipitating 
the  free  acid  by  the  addition  of  sulphmic  acid,  as  described  by 
Bottinger.* 

Leaving  the  toxicity  of  picoline  carboxylic  acid  for  discussion  in 
subsequent  pages  in  connection  with  other  substances  found  in  soils, 
it  may  be  said  here  that  it  was  found  to  be  not  very  harmful  to  wheat 
seedlings,  while  the  nearly  related  uvitonic  acid  was  quite  so.  While 
this  slight  harmful  eflFect  and  the  apparently  ver>'  small  amount  of 
this  body  in  the  Takoma  soil  make  it  improbable  that  it  is  responsi- 
ble for  more  than  a  small  part  of  the  infertility  of  that  soil,  its  close 
connection  with  the  uvitonic  acid  and  other*  closelv  related   acids, 


aBer.  chem.  Ges.,  14,67  (1881);  17,  92  (1884). 

ft  Ann.  Chem.,  188,  330  (1877);  208, 138  (1881);  Ber,  chem.  Ges.,  18, 2032  (1880). 
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such  as  pyridine  tricarboxylic  acid,**  known  to  be  antiseptic,  justifies 
the  suspicion  that  there  may  be  present  some  other  pyridine  com- 
pound either  a  source  of  or  a  product  of  the  one  actually  foimd  and 
one  which  might  be  the  active  cause  of  infertility. 

POSSIBIiE  ORIGIN  OF  PICOLINE  CABBOZYLIC  ACID. 

Regarding  the  origin  of  the  picoline  carboxylic  acid  in  the  soil, 
very  little  can  be  said  at  the  present  time,  yet  it  may  not  be  out  of 
place  to  call  attention  to  a  few  facts  in  connection  therewith.  In  the 
laboratoiy  picoline  carboxylic  acid  can  be  formed  from  pyruvic  acid 
and  ammonia  through  the  intermediary  compound,  uvitonic  acid,  by 
splitting  off  carbon  dioxide.  Pyruvic  acid  has  been  shown  l)y  Momer  * 
to  be  a  constant  secondaiy  decomposition  product  of  protein,  and  as 
such  might  be  formed  in  the  soil ;  in  fact,  there  are  some  indications 
of  its  presence  along  with  picoline  carboxylic  acid  in  the  soil  under 
investigation.  Should  this  be  the  case,  then  it  is  not  impossible  that 
the  remaining  steps  in  the  formation  of  picoline  carboxylic  acid 
should  take  place  in  the  soil,  although  no  reaction  whatever  for  the 
uvitonic  acid  could  be  obtained.  The  most  that  can  be  said,  there- 
fore, is  that  the  picoline  carboxylic  acid  may  possibly  have  arisen  as 
the  result  of  the  splitting  and  decomposition  of  protein  in  the  soil. 

A  further  point  of  interest  in  regard  to  the  formation  of  the  pyridine 
nucleus  in  the  soil  through  the  decomposition  of  protein  is  shown  by 
the  formation  of  pyridine  on  reduction  of  the  melanoidins  or  humin 
substances,  resulting  from  the  dissociation  of  protein,  as  demonstrated 
by  Samuely.*'  Hopkins  and  Cole<^  have  further  shown  -that  trypto- 
phane, one  of  the  dissociation  products  of  protein,  is  readily  changed 
to  dark-colored  humin  substances  on  boiling  with  acids,  or  even  with 
water,  and  EUinger*  has  suggested  for  trytophane  the  structural 
formula: 

Tryptophane.  Kynurenlcacld. 

HoN-CH,  N=CH 

H"  \  /       \ 

C  rH.COOH  C  C.COOH 

nC         C C  HC      ^C-(10H 
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HC        C        CH  HC  CH 
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n      H  H 

which,  as  is  readily  seen,  contains  the  possibility  of  the  pyridine 
closure,  as  illustrated  by  its  transformation  into  kynurenic  acid.     All 

oRademaker,  Med.  Herald,  19,  107  (1887). 

bZeitech.  physiol.  Chem.,  42,  121  (1904). 

c  Hofmeister's  Beitr.,  2,  355  (1902). 

dJour.  Physiol.,  27,  418  (1901);    29,  451  (1903). 

cZeitsch.  physiol.  Chem.,  43,  325  (1904). 
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these  facts  indicate  strongly  that  the  origin  of  the  pyridine  ring  in 
the  soil,  whether  it  be  as  picoline  carboxylic  acid  or  other  pyridine 
derivative,  lies  most  probably  in  the  decomposition  of  protein  bodies. 

THE   PRESENCE   OF  OTHER  COMPOUNDS    INDICATED. 

There  has  been  gathered  some  evidence  of  the  presence  of  pjrruvic 
acid  *in  the  Takoma  soil,  but  this  evidence  is  as  yet  indicative  only. 
This  evidence,  stated  briefly,  is  as  follows:  When  the  neutral  soil 
extract  obtained  as  outlined  above  is  made  alkaline  with  sodium 
hj^drate  and  then  a  solution  of  iodine  m  potassium  iodide  added 
there  is  formed  in  a  short  time  at  room  temperature  a  precipitate  of 
iodoform.  The  same  precipitate  can  be  obtained  by  treating  the 
original  sodium  hydrate  extract  of  the  soil  wnth  iodine  reagent.  The 
iodoform  so  obtained  was  identified,  after  recrystallizing,  by  its 
melting  point  and  by  its  characteristic  crystaUine  form  as  well  as  its 
odor.  Pyruvic  acid  forms  iodoform  when  treated  in  this  way,  but  this 
is  true  of  other  acids,  for  instance,  leevulinic.  Again,  when  the 
neutral  soil  extract  is  made  acid  and  treated  with  a  solution  of 
phenylhydrazine  hydrochlorate  there  is  produced  in  a  short  time  a 
reddish-colored  micro-crystalline  precipitate  which  sooij  tends  to 
become  resinous.  It  was  not  found  possible  by  any  means  so  far 
tried  to  purify  this  precipitate  so  as  to  obtain  any  characteristic 
crystalline  form  or  constant  melting  point.  The  phenylhydrazone  of 
pyruvic  acid  crj^stallizes  in  needles  and  melts  at  178°  to  183°  C.  It  is 
evident  that  if  pjTUvic  acid  is  present  there  is  also  present  another 
compound  giving  a  precipitate  with  phenylhydrazine.  Billow  **  has 
described  a  reaction  of  the  phenylhydrazones  which  he  states  is 
characteristic.  When  the  phenylhydrazone  is  treated  with  con- 
centrated sulphuric  acid  and  dichromate  of  potassium  there  is  pro- 
duced a  purplish  color.  This  color  is  produced  by  the  phenylhy- 
drazone precipitate  from  the  soil  extract  and  by  the  pure  phenyl- 
hydrazone of  pyruvic  acid. 

Simon  ^  has  described  a  color  reaction  of  pyruvic  acid  which  he 
states  is  characteristic.  This  depends  on  the  blue  color  given  by 
sodium  nitroprusside  and  ammonia  when  added  to  dilute  solution  of 
pyruvic  acid.  When  the  neutral  soil  extract  is  treated  with  these 
reagents  there  is  produced  a  very  slight  greenish  color,  which,  since 
the  soil  extract  is  orange  colored,  might  be  expected  in  the  presence 
of  small  amounts  of  pyruvic  acid.  The  delicacy  of  the  reaction  was 
tested  by  adding  known  quantities  of  pyruvic  acid  to  the  neutral  soil 
extract  and  adding  the  reagents,  and  it  was  found  that  the  reaction 
was  not  at  all  delicate  in  the  presence  of  the  other  material  present 


^  Ann.  Chem.,  286,  195  (1886).  f>  Compt.  rend.,  126,  534  (1897). 
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ill  tlie  soil  extract,  as  much  as  500  parts  per  million  being  required 
to  give  the  characteristic  blue  color,  lower  concentrations  producing 
greenish  shades.  These  reactions  indicate  at  least  the  probable  pres- 
ence of  pyruvic  acid  as  well  as  other  bodies  not  yet  isolated. 

Pyruvic  acid  was  found  to  be  quite  injurious  to  wheat  seedlings, 
but  was  not  so  when  neutralized  with  sodium  hydrate,  and  if  present  in 
the  soil  its  activity  as  a  factor  in  infertility  would  no  doubt  depend 
on  the  form  in  which  it  might  be  present.  Apart  from  this  the  pos- 
sible presence  of  this  acid  in  the  soil  is  of  interest,  for  it  may  be  that 
through  the  agency  of  ammonia  in  the  soil  the  change  from  the  open 
chain  nonnitrogenous  pyruvic  acid  to  the  ring  form  nitrogenous  uvi- 
tonic  acid  could  be  effected,  as  is  done  in  the  laboratory  with  alcoholic 
ammonia.  Uvitonic  acid  has  been  sought  for  in  the  various  soil 
extracts,  but  so  far  with  no  indication  that  it  is  present. 

When  picoline  carboxylic  acid  is  prepared  from  the  neutral  soil 
extract  by  the  method  stated  above  there  is  separated  from  the 
crystals  a  dark-colored  mother  liquor  containing  nitrogen.  When 
this  is  evaporated  nearly  to  dryness  there  usually  separates  a  further 
small  quantity  of  picoline  carboxylic  acid,  but  no  other  crystalline 
body  has  been  obtained  or  observed.  The  mother  liquor  at  this 
stage,  however,  is  thick  and  viscous  and  of  such  a  nature  that  crys- 
tallization of  any  body  present  would  be  diflScult.  When  the  mother 
liquor  is  evaporated  completely  to  dryness  and  then  taken  up  again 
with  water  there  is  found  a  quantity  of  amorphous  colored  matter 
which  does  not  redissolve. 

When  the  dry  residue  obtained  by  evaporating  the  mother  liquor 
to  dryness  is  heated  with  caustic  lime  there  is  given  off  an  odor  of 
crude  pyridine,  indicating  a  still  further  quantity  of  picoline  car- 
boxylic acid  or  of  some  other  pyridine  compound.  When  the  mother 
liquor  from  which  picoline  carboxylic  acid  has  been  separated  is 
made  alkaline  with  sodium  carbonate  and  treated  with  a  solution  of 
diazo  sulphanilic  acid,  a  dark-red  color  is  slowly  formed.  The  color 
produced  by  this  reagent  with  certain  organic  compounds  was  first 
noticed  by  Ehrlich*  and  further  described  by  Pauly,''  who  found 
that  it  could  be  used  for  the  detection  of  histidine  in  the  absence  of 
tyrosine.  Histidine  gives  with  this  reagent  a  dark-red  color  which 
remains  red  on  dilution,  and  no  other  protein  decomposition  product 
except  tyrosine  gives  this  color,  all  others  giving  yellow  colors  which 
disappear  on  dilution.  According  to  Pauly  the  distinctive  color  given 
by  histidine  and  diazo  sulphanilic  acid  is  due  to  the  imidoazol  group, 
histidine  being  a-SLjjimo  /tf-imidoazol  propionic  acid.  The  color 
obtained  by  treating  this  soil  material  w4th  diazo  sulphanilic  acid  does 
not  appear  to  be  that  obtained  w  ith  histidine,  being  slower  in  appear- 

a  Zeitach.  klinische  Med.,  6,  285  (1882). 

6Zeit8ch.  physiol.  Chem.,  42,  508  (1904;;  44,  159  (1905). 
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ing  and  soon  losing  the  red  tint  on  dilution.  The  sanu*  color  can  be 
obtained  in  the  distillate  on  distilling  the  original  soil  with  steam, 
and  is  much  more  pronounced  if  the  soil  be  made  slightly  alkaline 
before  distillation.  Other  organic  compounds  than  those  mentioned 
in  the  literature  were  found  to  give  this  color,  for  instance,  arbutin** 
and  piperidine,  so  that  the  most  that  can  be  said  of  this  reaction 
is  that  it  indicates  the  presence  of  some  body  not  yet  isolated  or 
identified. 

SEPARATION  OF  DIHTDEOXTSTEABIC  ACID. 

The  comparatively  slight  harmful  effect  of  picoline  carboxylic  acid, 
the  only  compound  up  to  this  point  isolated  from  the  Takoma  soil, 
coupled  with  the  apparently  very  small  quantity  present  in  this  soil, 
led  to  the  conclusion  that  there  must  be  some  substances  of  much 
more  injurious  character  than  this  present — substances  perhaps  not 
in  any  way  connected  with  the  one  obtained  or  others  indicated. 
With  the  object  of,  if  possible,  obtaining  such  other  bodies  from  this 
soil  a  number  of  other  methods  were  tried. 

METHOD  OF  ISOLATION. 

One  which  finally  gave  definite  results  was  as  follows:  The  soil  was 
treated  with  2  per  cent  sodium  hydrate  solution  as  in  the  method 
first  used.  .  This  alkaline  extract  was  made  acid  with  a  slight  excess 
of  acetic  acid  and  filtered  from  the  humus  precipitate.  There  was 
thus  obtained  a  dark-colored  extract  containing  organic  matter,  so- 
dium acetate,  acetic  acid,  and  some  mineral  matter  from  the  soil. 
This  acid  extract  was  shaken  out  with  ether  and  the  ether  allow^ed 
to  evaporate  on  the  surface  of  a  small  quantity  of  water  in  a  warm 
place.  The  ether  on  evaporating  left  on  the  surface  of  the  water 
some  colored  resinous  material,  together  with  nodules  or  concretions 
of  a  crystalline  body.  On  heating  the  water  to  boiling  these  cr^^stals 
went  into  solution,  wliile  the  resinous  matter  remained  undissolved, 
and  on  pouring  the  solution  into  a  filter  previously  wet  with  hot 
water  the  resinous  material  remained  in  the  filter.  On  cooling  the 
solution  so  obtained,  crystals  separated,  which  generally  appeared 
as  very  small  plates  or  leaflets  arranged  in  radiating  clusters.  These 
if  still  colored  could  be  purified  by  solution  in  hot  water  and  filtering 
as  before.  This  body,  which  is  white  when  pure,  melts  at  98°  to 
99°  C,  is  little  soluble  in  cold  water,  somewhat  readily  in  hot,  and 
quite  soluble  in  alcohol  or  ether.  A  w^ater  solution  is  acid  to  litmus 
and  decomposes  barium  or  calciimi  carbonate,  forming  the  corre- 
sponding salts,  which  are  difficultly  soluble  in  cold  water.  This  body 
was  foimd  to  be  quite  harmful  to  wheat  seedlings. 

a  Bul.  No.  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 
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ISOLATION   FROM   SEVERAL  SOILS. 

« 

With  the  object  of  extending  the  research  to  other  soils,  six  moie 
or  less  infertile  soils,  selected  from  near  Arlington,  Va.,  Indianapolis, 
Ind.,  Center  Hall,  Pa.,  State  College,  Pa.,  Pulaski,  Tenn.,  as  well  as  that 
from  Takoma,  Md.,  were  treated  as  follows:  Eight  hundred  grams 
of  each  were  treated  with  2,000  c.  c.  of  a  2  per  cent  sodium  hydrate 
solution  for  twenty-four  hours,  with  frequent  shaking;  after  standing, 
1,000  c.  c.  of  the  supernatant  clear  extract  was  treated  with  a  slight 
excess  of  acetic  acid  and  filtered.  The  filtrate  was  shaken  out  twice 
with  ether  and  the  ether  allowed  to  evaporate  on  tlie  surface  of  a 
small  quantity  of  water,  the  water  boiled  and  filtered,  and  the  filtrate 
cooled.  The  character  of  any  crystals  which  formed  and  the  approxi- 
mate amount  was  observed.  From  four  of  the  soils  examined  there 
was  obtained  crystalline  material  having  the  same  general  appear- 
ance and  properties  as  that  obtained  by  this  method  from  the  Takoma 
soil  as  described  above.  The  amoimt  of  this  material  obtained 
from  1,000  c.  c.  of  the  original  extract  w^as  then  dissolved  in  water 
and  made  up  to  1,000  c.  c.  \\ath  distilled  water  and  used  as  a  culture 
medium  for  wheat  seedlings.  Dilutions  of  this  stronger  solution 
with  one  and  with  nine  parts  of  pure  distilled  water  were  also  used. 
The  results  obtained  were  in  direct  relation  to  the  amount  of  crystal- 
line material,  the  solution  containing  the  greatest  portion  being  the 
most  harmful.  The  results  obtained  with  one  of  the  soils,  that  from 
Tennessee,  are  shown  in  Plate  III,  figure  2. 

The  soil  from  which,  by  this  treatment,  the  most  material  was 
obtained  and  which  furnished  the  most  injurious  medium  was  from 
Teimessee,  a  soil  which  had  been  in  cultivation  fifteen  years,  for  the 
most  part  in  cotton.  This  soil  is  classified  as  Clarksville  silt  loam, 
and  although  light  colored,  contains  3.26  per  cent  organic  matter 
and  0.16  per  cent  nitrogen.  The  surface  soil  (which  was  collected) 
is  a  gray  silt  loam  6  inches  deep.  The  subsoil  to  a  depth  of  3  feet  is 
yellow  silt  loam,  having  a  close,  compact  structure.  The  field  is  in 
a  large  area  of  this  type,  the  Clarksville  silt  loam,  occupying  the 
broad,  nearly  level  top  of  a  ridge.  There  were  a  few  apple  trees  in 
the  field,  but  the  sami)le  was  taken  at  some  distance  from  any  of 
them.  The  yields  have  been  light.  On  an  area  about  50  feet  square, 
from  which  the  sain{)le  was  taken,  the  plants  were  only  about  ^ne-half 
to  one-fourth  as  large  as  in  other  parts  of  the  field,  and  matured  very 
few  bolls.  Where  vacancies  occurred  in  the  cotton  rows,  com  had 
been  planted.  The  same  difference  existed  in  the  corn  as  in  the 
cotton.  Near  where  the  sample  was  taken  the  stalks  were  small, 
\^4th  a  yellow  color,  and  had  failed  to  form  good  ears.  In  other  parts 
of  the  field  the  corn  had  a  good  color  and  average-sized  ears  had  been 
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produced.  The  east  half  of  the  field  contains  20  apple  trees,  set  five 
years  ago.  One  tree  stands  about  30  feet  from  where  the  sample  was 
taken  and  is  smaller  than  the  trees  farther  away,  thus  agreeing  with 
the  growth  of  the  cotton  and  the  corn  in  different  parts  of  the  field. 

A  water  extract  of  this  soil  was  a  poor  medium  for  the  growth  of 
wheat  seedlings  and  was  improved  by  treatment  with  carbon  black. 

Having,  then,  a  soil  unproductive  in  the  field  and  in  the  laboratory, 
and  yielding  by  simple  treatment  a  crystalline  body  injurious  to  plant 
growth,  the  foundation  was  laid  for  the  isolation  of  a  harmful  soil 
compound  in  sufficient  quantity  to  determine  its  identity  and  study 
its  properties.  Large  quantities  of  this  soil  were  treated  by  the 
method  already  mentioned,  extraction  with  2  per  cent  sodium 
hydrate  solution,  acidifying  with  acetic  acid,  filtering  from  the  humus 
precipitate,  shaking  out  the  acid  filtrate  with  ether,  and  crystallizing 
the  water-soluble  portion  of  the  ether  extract  from  water.  By  this 
treatment,  extracting  each  portion  of  the  soil  twice,  the  body  described 
w^as  obtained  in  a  fairly  pure  condition  in  amoimts  of  0.05  gram  per 
kilo  of  soil,  which  is  50  parts  per  million,  or  200  pounds  per  acre  to 
the  depth  of  1  foot.  The  quantity  actually  present  in  the  soil  must 
of  course  be  much  larger,  for  when  all  is  said,  the  methods  of  extrac- 
tion are  verj^  crude  and  far  from  quantitative,  and  the  amount  obtained 
in  crystalline  form  does  not  even  represent  the  amount  extracted. 
It  is  of  course  impossible  to  say  what  relation  exists  between  the 
amount  extracted  and  the  amount  present,  except  that  the  amount 
present  is  much  the  greater,  perhaps  even  several  times  as  great. 
This  same  body  has  been  obtained  by  extraction  with  sodium  car- 
bonate instead  of  hydrate,  though  the  extraction  is  not  so  profitable. 

FBOPEBTIES  OF  THE  ISOLATED  COMPOUND. 

The  properties  of  this  compound,  some  of  which  have  already  been 
noted,  are: 

Slight  solubility  in  cold  water,  more  ready  solubility  in  hot,  ready 
solubility  in  alcohol  and  ether.  It  crystallizes  in  radiating  clusters 
or  concretions  and  when  pure  in  very  small  plates  or  leaflets,  which 
are  generally  arranged  in  starlike  groups,  as  sho^\^n  in  the  photo- 
micrograph in  Plate  II,  %ure  1.     The  melting  point  is  98°  to  99°  C. 

Calcium  and  barium  salts  are  readily  formed  by  decomposition  of 
the  corresponding  carbonates.  These  are  little  soluble  in  cold  water, 
but  quite  readily  so  in  hot  water.  The  barium  salt  crystallizes  in 
somewhat  characteristic  circular  concretions  of  radiating  structure, 
as  shown  in  the  photomicrograph  in  Plate  II,  figure  2.  The  silver 
salt  is  amorphous  and  quite  insoluble  in  water. 
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IDENTIFICATION  AS  DIHYDBOXYSTEAKIC  ACID. 

All  the  properties  of  this  compound  agree  with  those  of  dihydroxy- 
stearic  acid  prepared  from  elaidic  acid.  Elementary  analyses  of  the 
preparation  from  the  soil  gave  the  following  figures: 

Calcu- 
No.  1         No.  2  lated  for 

found.       found.        ri8Hat04. 

Carbon 67.  5        68. 0  68.  3 

Hydrogen 12. 2        11.7  11.4 

Oxygen 20. 3        20. 3  20. 3 

Analysis  of  the  silver  salt  gave  the  following  figures: 

Calculated  for 
Found.        CtsHftAgOi. 

Silver 25. 77  25.  53 

The  melting  point  of  the  soil  compound  remained  unchanged  when 
this  was  mixed  with  dihydroxystearic  acid  prepared  from  elaidic  acid. 

These  figures,  together  with  the  correspondence  noted  between  the 
prof)erties  of  the  body  obtained  from  the  soil  and  those  of  dihydroxy- 
stearic acid  from  elaidic  acid,  are  sufficient  to  establish  the  identity 
of  the  soil  compound  as  dihydroxystearic  acid. 

DIHYDBOXTSTEAItIC  ACID  AND  RELATED  COMPOUNDS. 

There  are  four  isomeric  dihydroxystearic  acids  known,  three  being 
laboratory  products.  The  one  found  in  the  soil  is  that  obtained  in 
the  laboratorv  by  the  oxidation  of  elaidic  acid  and  described  bv 
Saytzeff.*'  This  acid  can  easily  be  prepared,  starting  with  oleic  acid. 
If  oleic  acid  be  treated  for  a  few  minutes  at  a  low  temperature  ^nth 
nitrous  oxide  generated  in  any  convenient  way,  say  by  the  action  of 
nitric  acid  on  arsenic  trioxide,  it  is  changed  to  the  isomeric  elaidic 
acid.  This,  after  washing  w^th  water  and  recrystallizing  from  ether 
or  alcohol,  melts  at  45°  to  47°  C.  If  this  elaidic  acid  be  dissolved  in  a 
dilute  solution  of  potassium  hydrate  and  treated  with  potassium 
permanganate,  it  is  oxidized,  dihydroxystearic  acid  being  one  of  the 
pnxlucts.  The  vield  obtained  in  this  wav  is  low,  the  dihvdroxvstearic 
acid  first  formed  being  easily  subject  to  further  oxidation,  pelargonic 
and  azelaic,  and  finally  oxalic  acids  being  formed.  Edmed**  in  study- 
ing the  oxidation  products  of  oleic  and  elaidic  acids  obtained  from  the 
latter  by  this  treatment  with  alkaline  permanganate,  dihydroxy- 
stearic acid,  33  per  cent;  pelargonic  acid,  13  to  14  per  cent;  azelaic 
acid,  26  per  cent;  and  oxalic  acid,  15  to  20  per  cent.  The  dihydroxy- 
stearic acid  formed  from  elaidic  acid  is  much  more  easilv  oxidized  than 
the  isomeric  acid  obtained  by  oxidation  of  oleic  acid,  and  this  has  been 


«  Jour.  i)rakt.  ('hem.,  33,  300  (1886);  60,  76  (1894). 
6  Jour.  Chem.  Soc.,  73,  627  (1898). 
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explained  by  the  juxtaposition  of  the  hydroxyl  groups  in  the  former, 
as  sho^vTi  in  the  structural  fonnulas: 


Dihydroxystearic  acid,  m.  p.  99°, 
from  claldic  acid. 

CH8.(CH2)7.CHOH 
C00H.(CH.,)7.CH0H 


Dfhydroxystearlc  acid,  in.  p.  134*', 
from  oleic  acid. 

CH3(CH2)7.CHOH 

HO.CH.CCHjj^COOH 


The  known  dihydroxystearic  acids  other  than  that  obtained  by  the 
oxidation  of  elaidic  acid  and  found  in  soils  are  that  obtained  bv  the 
oxidation  of  oleic  acid  already  mentioned,  melting  at  134°  C;  one 
obtained  from  isoleic  acid  melting  at  79°  C,  and  a  natural  product 
found  in  castor  oil  melting  at  140°  to  141°  C,  and  described  by  Juil- 
lard  ^  and  Meyer.*'  Besides  the  differences  in  melting  points  noted, 
these  acids  show  quite  important  differences  in  their  behavior  toward 
solvents,  but  all  agree  in  being  little  soluble  in  cold  water.  They  are 
all  monobasic  acids,  forming  well-defined  salts. 

PBESENGB  OF  OTHER  BODIES. 

In  describing  the  method  used  in  isolating  dihydroxystearic  acid 
from  the  soil,  mention  was  made  of  a  resinous  body  which  was  present 
in  the  ether  extract  and  which  was  separated  from  the  dihydroxy- 
stearic acid  after  evaporation  of  the  ether  bj'^  filtration  of  the  hot 
solution.  This  resinous  material,  which  at  the  temperature  of  boiling 
water  is  a  brown  oil,  becomes  at  room  temperature  a  thick  viscous 
mass.  It  is  not  soluble  in  water  or  dilute  acids.  In  dilute  alkalies  it 
forms  a  slimy  emulsion  and  dissolves  readily  in  alcohol  and  ether. 

So  far  no  crystalline  body  has  been  obtained  from  this  material, 
nor  has  it  been  possible  to  make  any  crystalline  derivatives.  No 
characteristic  color  or  other  reactions  have  been  noted,  and  it  is 
not  known  whether  it  is  a  simple  body  or  a  mixture.  Elementary 
analysis  gave  the  following  figures:  Carbon,  63.84  per  cent;  hydro- 
gen, 9.65  per  cent. 

It  is  very  insoluble  in  water  and  when  wholly  free  from  dihydroxy- 
stearic acid  it  does  not  impart  any  harmful  properties  to  distilled 
water,  using  wheat  seedlings. 

POSSIBLE  ORIGIN  OF  DIHYDROXYSTEARIC  ACID. 

Concerning  the  possible  origin  of  dihydroxystearic  acid  in  the 
soil,  it  might  not  be  amiss  to  state  briefly  some  of  the  results  obtained, 
although  no  definite  conclusion  can  as  yet  be  drawn.  Among  the 
soils  containing  this  compound  was  the  Takoma  soil,  from  which 
picoline  carboxylic  acid  had  also  been  isolated.  This  soil  was  found 
to  contain  dihydroxystearic  acid  in  almost  as  large  amount  as  that 
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from  Tennessee.  This  Takoma  soil  seems  to  be  an  extremely  good 
medium  for  the  growth  of  fungi,  and  it  was  noted  that  the  rootlets 
of  the  oak  trees  on  tliis  ground  were  infested  with  mold.  This 
growth  was  at  times  so  abundant  that  in  digging  up  the  small  roots 
and  shaking  free  of  soil,  the  attached  mold  mycelia  furnished  as  much 
material  as  the  roots  themselves.  A  quantity  of  these  roots  with 
mold  attached  was  washed  free  of  adhering  soil  and  treated  just 
as  the  soil  had  been  in  the  isolation  of  dihydroxystearic  acid.  There 
was  obtained  in  this  way  a  small  quantity  of  crystalline  material 
having  the  appearance  and  properties  of  the  dihydroxystearic 
acid  isolated  from  the  soil.  The  crystalline  form,  melting  point, 
solubility,  formation,  and  appearance  of  barium  salt  all  corresponded 
with  those  of  the  body  isolated  from  the  soil,  and  there  is  little 
or  no  doubt  of  their  identity.  Similar  oak  roots  from  another 
locahty  where  they  were  not  infested  with  mold  were  treated  in  the 
same  way,  but  no  indication  whatever  was  obtained  of  the  presence 
of  dihydroxystearic  acid  or  any  other  crystalline  body  by  this  method. 
It  would  seem  to  be  a  fair  conclusion  from  this  that  mold  can  form 
dihj^droxystearic  acid  from  material  associated  with  oak  roots,  and 
that  in  this  case,  at  least,  the  dihydroxystearic  acid  found  in  the  soil 
may  have  been  formed  in  this  way.  As  to  what  material  furnishes 
the  foundation  for  tliis  formation  of  dihydroxystearic  acid  by  fungi, 
whether  it  be  root  excretions  or  root  tissue  or  cells,  it  is  possible  at 
present  to  theorize  only,  and  such  discussion  does  not  come  within 
the  scope  of  this  paper.  It  may,  however,  not  be  out  of  place  to 
mention  that  the  conditions  existing  in  nature  in  this  case  are  similar 
to  those  shown  in  the  laboratory  to  lead  to  the  formation  of  dihy- 
droxystearic acid.  Oleic  acid  as  part  of  the  complex  molecules  of 
fats  and  readily  decomposed  lecithins  is  present  in  all  living  parts  of 
plants; 'nitrous  acid,  by  which  oleic  acid  is  changed  to  elaidic  acid, 
is  constantly  being  formed  in  soils,  either  as  a  product  of  denitri- 
fication  or  as  one  of  the  stages  in  nitrification;  and,  finally,  there  are 
oxidizing  agents — the  air,  enzymes  in  living  roots,  and  micro- 
organisms. 

SEPABATION  OF  OTHER  ORGANIC  COMPOUNDS  FROM  SOILS. 

In  the  course  of  the  examination  of  other  soils  for  the  presence  of  the 
compounds  already  described  there  have  been  obtained  a  number 
of  bodies,  some  of  which  are  undoubtedly  mixtures,  while  otlters 
are  evidently  single,  definite  compounds.  Two  of  these  latter  have 
been  sufficientlv  studied  to  be  mentioned  here.  The  soil  from  which 
these  bodies  were  obtained  was  from  North  Dakota,  the  Marshall 
clay,  a  black  soil  similar  to  the  chemozen  of  Russia,  containing 
10.6  per  cent  organic  matter  and  0.51  per  cent  nitrogen. 


Fig.  1.— Cbystals  of  Aquosterol  Obtained  f 
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ISOLATION  OP  A  WAXIJXB  BODY;  AOBOCBRIC  AOID. 

When  this  soil  is  treated  with  hot  95  per  cent  alcohol  and  filtered 
while  hot,  there  is  obtained  a  greenish-brown  extract,  from  which 
on  cooling  a  yellowish  microcrystalline  precipitate  separates.  If 
the  soil  be  treated  with  successive  portions  of  hot  alcohol  until 
the  extract  is  no  longer  colored,  the  extracts  combined,  concentrated 
to  a  smaller  volume,  and  allowed  to  cool,  this  precipitate  can  be 
obtained  in  considerable  quantity.  Two  hundred  and  fifty  parts 
per  million  of  this  substance  have  been  obtained  from  this  soil  in 
this  way,  equivalent  to  1,000  pounds  per  acre-foot. 

The  precipitate  so  obtained  was  washed  with  cold  alcohol,  redis- 
solved  in  hot  alcohol,  and  on  cooling  from  this  solution  it  crystallized 
fairly  free  of  color.  Thus  obtained  this  crystalline  body  is  evidently 
a  mixture,  since  the  melting  point  is  quite  variable  as  influenced  by 
variations  in  the  method,  such  as  the  concentration  of  the  original 
alcoholic  extract,  extent  of  washing,  etc.  This  variation  in  melting 
point  extends  from  70*^  to  90®  C.  If  this  mixture  be  thoroughly 
dried  and  washed  with  cold  ether  it  is  separated  into  two  portions. 
The  ether-soluble  portion  crystallizes  on  evaporation  of  the  ether  in 
minute  leaflets  which  melt  at  72®  to  73®  C.  and  solidify  after  melting 
at  67®  C.  It  is  little  soluble  in  cold  alcohol,  readily  in  hot,  the 
solution  so  obtained  being  acid  to  litmus.  It  separates  from  alcoholic 
solution  on  cooling  in  a  powdery  microcrystalline  form. 

On  adding  an  alcoholic  solution  of  lead  acetate  to  the  solution  of 
this  body  in  hot  alcohol  a  precipitate  containing  lead  is  formed  which 
after  washing  with  cold  alcohol  and  drying  melts  at  109®  to  110®  C. 

The  physical  and  chemical  properties  of  this  compound  place  it 
among  the  fatty  acids  found  either  free  or  combined  in  waxes  both 
of  vegetable  and  animal  origin. 

Elementary  analysis  gave  the  following  figures: 

No.  1.  No.  2. 

Carbon 73.2  73.40 

Hydrogen 12.2  12.19 

Oxygen 14.6  14.51 

The  only  compound  which  corresponds  with  this  percentage  com- 
position is  that  of  a  hypothetical  acid,  the  lactone  of  which  was  f oimd 
and  described  by  Strucke*  in  camauba  wax. 

This  acid,  C^i  H^,  O3,  would  have  the  composition — 

Per  cent. 

Carbon 73.7 

Hydrogen 12.3 

Oxygen 14. 0 

and  the  figures  obtained  for  the  compoimd  from  the  soil  agree  with 
these  within  the  limits  of  experimental  error. 

a  Ann.  Chem.,  228,  312  (1884). 


42  ISOLATION  OF  HABMPUL  ORGANIC  SUBSTANCES. 

Strucke  isolated  from  camauba  wax  and  described  a  body  to  which 
he  ascribed  the  formula 

CO 
/     \  .  /COOH 

C,o  Haa  0    the  lactone  of  an  acid     C,,  Si- 

\      /  \CH,OH 

CHa 

which  is  the  one  referred  to  above  and  which  has  not  been  described 
or  isolated.  Whether  this  compound  isolated  from  the  soil  is  the 
same  as  the  ac^d  corresponding  to  the  lactone  isolated  from  the 
camauba  wax  can  only  he  determined  by  further  investigation.  The 
compound  from  the  soil,  which  will  be  designated  as  agroceric  acid,, 
is  almost  insoluble  in  water  and  does  not  impart  any  harmful  prop- 
erties to  distilled  water  when  wheat  seedlings  are  grown,  although  it 
is  not  impossible  that  other  plants  may  be  aflFected  differently. 

PRESENCE   OF  OTHER  WAXT.TTTR   BODIES. 

The  portion  of  the  original  precipitate  from  the  alcohol  extract 
insoluble  in  cold  ether  is  evidently  a  mixture  of  bodies.  The  melting 
point  of  this  mixture  varies  from  1 00®  to  1 10°  C.  and  it  contains  from 
3  to  7  per  cent  of  ash,  mostly  alumina.  Elementary  analyses  corrected 
for  ash  have  given  carbon,  74  to  77  per  cent;  hydrogen,  12  to  13  per 
cent.  It  is  evident  from  its  physical  properties  and  composition 
that  this  body  is  a  mixture  of  higher  acids,  salts  of  such  acids,  and 
probably  higher  alcohols  such  as  make  up  natural  waxes.  This 
mixture,  like  the  ether-soluble  portion,  is  almost  insoluble  in  water 
and  does  not  form  a  solution  harmful  to  wheat  seedlings. 

ISOLATION  OF  A  COHPOTJND  OF  THE  CHOLESTEROL  GROUP; 

AGROSTEROL. 

When  the  hot  alcoholic  extract  of  the  soil  obtained  as  described 
above  is  concentrated,  cooled,  and  separated  from  the  precipitate  of 
agroceric  acid  and  other  compoimds  the  filtrate  is  a  dark  greenish- 
brown  solution  which  on  evaporation  leaves  a  thick,  somewhat  resin- 
ous material.  On  washing  this  residue  with  cold  ether  there  is  left  a 
yellowish  waxlike  body,  the  nature  of  which  has  not  been  investi- 
gated. The  ether  solution,  which  carries  with  it  nearly  all  of  the 
color  of  the  original  extract,  on  spontaneous  evaporation  of  the  ether 
leaves  a  resinous  material  similar  to  that  obtained  from  the  alcoholic 
solution.  On,  treating  this  residue  with  cold  absolute  alcohol  the 
coloring  matter  goes  into  solution  and  there  is  left  a  nearly  white 
microcrystalline  substance.  This  body  melts  at  237°  C.  and  the 
melting  point  remains  constant  after  recrystallizing  from  alcohol, 
ether,  and  chloroform.  It  crystallizes  from  ether  in  fine  needles 
arranged  in  radiating  clusters,  from  alcohol,  if  a  little  water  is  present, 
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in  very  thin  plates  of  characteristic  appearance^  very  similar  to  those 
of  phytosterol.  These  crystals  are  shown  in  the  photomicrograph 
in  Plate  III,  figure  1.  The  compound  is  almost  insoluble  in  water; 
difficultly  soluble  in  cold  alcohol,  readily  in  hot,  and  readily  soluble 
in  ether  and  chloroform.  It  is  unchanged  on  heating  with  alcoholic 
potash  and  can  be  obtained  from  the  residue  of  the  original  alcoholic 
extract  of  the  soil  by  treating  this  residue  with  alcoholic  potash, 
evaporating  to  dryness,  and  extracting  the  dry  residue  with  ether. 
The  crystalline  appearance  and  general  properties  of  this  body  sug- 
gest a  higher  alcohol  of  the  cholesterol  group. 

The  color  reactions  ordinarily  used  to  identify  and  distinguish 
members  of  this  group  when  applied  to  this  body  gave  the  following 
results:  Liebermann's  ''cholesterol  reaction,'^  which  is  the  only  one 
giving  positive  results  with  all  the  more  commonly  known  members 
of  the  cholesterol  group,  gives  the  characteristic  violet  color  with  the 
compound  obtained  from  the  soil.  This  reaction  consists  in  dissolv- 
ing the  substance  in  a  small  amount  of  chloroform,  adding  acetic  anhy- 
dride, and  then  a  drop  of  strong  sulphuric  acid,  when  a  violet  color 
is  produced.  > 

The  other  reactions  ordinarily  used  in  distinguishing  compounds  of 
this  group  gave  no  results  with  the  soil  compound.  For  instance, 
cholesterol  when  dissolved  in  chloroform  and  shaken  with  an  equal 
volume  of  sulphuric  acid  (sp.  gr.  1.76)  gives  a  blood-red  coloration 
in  the  chloroform  layer.  With  the  soil  compound  the  coloration 
was  light  yellow.  Again,  when  cholesterol  is  evaporated  with  strong 
hydrochloric  acid  containing  10  per  cent  of  ferric  chloride  a  violet- 
colored  residue  is  left.  With  the  soil  compound  no  coloration  is 
produced. 

There  have  been  quite  a  ntmiber  of  compounds  described  and 
named  which  seem  to  belong  to  this  group  of  cycUc  -alcohols  known 
as  the  cholesterol  group  and  placed  by  Beilstein  under  the  general 
formula  CnH,n^O.  Most  of  these  bodies  are  optically  active  and  are 
found  in  fats  and  waxes,  either  free  or  combined.  The  combination 
is  frequently  one  with  fatty  acids,  the  cholesterol  in  this  case  playing 
the  same  part  that  glycerol  does  in  glycerides;  cholesterol,  however, 
and  others  of  the  group  so  far  as  known  having  only  one  alcohol 
or  hydroxyl  group. 

Knowledge  of  the  chemistry  of  this  group  is  rather  meager,  cho- 
lesterol itself  being  the  best  known. 

The  compounds  which  have  been  described  and  placed  in  this 
group,  together  wnth  their  sources  and  some  of  their  properties,  are 
as  follows:  Cholesterol,  02,11440  +  11,0,  found  in  animal  fats  and  in 
olive  oil,  melts  at  148°  C.  Phytosterol,  C„H440  +  H,0 ''vegetable 
cholesterol,"  foimd  in  vegetable  fats  and  waxes,  melts  at  132°  C. 
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Isocholesterol,  C^H^^O,  found  in  some  animal  fats,  melts  at  137 
C,  does  not  react  with  chloroform  and  sulphuric  acid.  Sitosterol, 
C^H^^O  +  HjO,  in  plant  fats,  melts  at  137.5^  C.  Paraphytosterol, 
C,4H4o04-H,0,  in  the  seed  coat  of  Phaseolus  vidgarisj  melting 
at  149°  to  150°  C.  Paracholesterol,  C^H,,Of  H^O,  found  in  slime 
mold,  melts  at  134°  C.  Caulosterol,  found  in  etiolated  yellow  lupines, 
melts  at  158°  to  15Q°  C.  Parasitosterol,  C^H^^O,  found  in  the  embryo 
of  wheat,  melts  at  127.5°  C.  Homocholesterol,  C^H^O,  found  in 
Dalmatian  insect  powder  {Ohrysanihemum  cinerariarfolium) ,  melts  at 
183°  C.  Ergosterol,  C„H^O  +  H,0,  found  in  ergot,  melts  at  154°  C. 
Anthesterol,  CjgH^gO,  found  in  Anihemis  nohUiSf  melts  at  221°  to  223°  C. 
Amesterol, Cj^H^jO,  in  Arnica  montanay  melts  at  249°  to  250°  C.  Many 
of  these  bodies  have  as  yet  very  doubtful  standing  as  definite  organic 
compounds,  and  much  investigation  will  yet  be  necessary  before  the 
standing  of  these  less-known  bodies  is  assured,  or  the  relationship 
between  them  is  understood. 

The  composition  of  the  compound  obtained  from  the  soil  was  found 
to  agree  very  closely  with  the  formula  C^^fi.  The  analysis  was 
made  with  material  dried  at  100°  C.  and  was  as  follows: 

calculated 
Found,  for  CisHmO. 

Carbon 83.6  83.8 

Hydrogen 11.5  11.8 

Oxygen 4. 9  4. 4 

In  the  compound  isolated  from  the  soil,  as  described  above,  we 
have,  no  doubt,  a  member  of  the  cholesterol  group.  Its  method  of 
preparation,  physical  and  chemical  properties,  so  far  as  ascertained, 
crystalline  appearance,  and  the  cholesterol  reaction  are  all  evidence 
of  this,  and  point  to  the  existence  in  the  soil  of  a  compound  of  the 
cholesterol  group.  The  cholesterol  substance  obtained  from  the  soil 
does  not  correspond  in  melting  point  with  any  substance  of  this  group 
so  far  described.  For  this  compound,  isolated  from  a  soil,  having  the 
chemical  properties  and  general  appearance  of  substances  of  the 
cholesterol  group,  but  differing  in  melting  point  from  any  of  the  mem- 
bers of  this  group  so  far  described,  the  generic  name  agrosterol  is  sug- 
gested in  harmony  with  the  nomenclature  of  this  group. 

With  regard  to  the  origin  of  this  compound  in  the  soil,  at  least  two 
possibilities  present  themselves:  It  will  be  seen  that  several  mem- 
bers of  the  cholesterol  group  are  so  far  as  known  found  only  in  single 
species  of  plants.  It  may  be  that  agrosterol  is  characteristic  of  some 
plant  grown  on  this  soil,  and  that  on  the  decay  of  plants  of  this  species 
it  has  survived  the  action  of  enzymes,  fungi,  and  bacteria  and 
remained  in  the  soil  as  an  unchanged  plant  residue.     Since,  however, 
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the  presence  of  a  substance  of  this  group  is  shown  hj  Liebermann's 
reaction  above  mentioned  in  several  soils  from  widely  separated 
localities  with  different  native  vegetation  and  cropping,  it  would  seem 
that  this  suggestion  has  not  much  weight.  To  make  this  conclusive 
it  would  be  necessary  to  show  that  the  substances  from  different  soils 
giving  Liebermaim's  reaction  are  really  identical,  since  the  reaction 
is  only  a  class  reaction  and  not  specific  for  agrosterol  or  any  other 
member  of  the  cholesterol  group. 

On  the  other  hand,  it  is  within  the  range  of  possibility  that  agros- 
terol may  be  formed  from  some  other  substance  through  the  agency 
of  micro-organisms  or  chemical  oxidation.  The  fact  that  Lifschutz  ^ 
has  shown  that  a  cholesterol  substance  can  be  formed  by  the  oxida- 
tion of  oleic  acid  emphasizes  this  possibility.  The  fact  that  para- 
cholesterol  mentioned  above  is  foimd  in  slime  molds  further  supports 
the  suggestion  that  agrosterol  may  be  formed  by  micro-organisms. 

CTJLTXTEE   TESTS   WITH   THE   ISOLATED    COKPOUirBS. 

In  the  study  of  soil  fertility  from  the  point  of  view  stated  in  the 
first  part  of  this  paper,  the  first  and  immediate  interest  concerning 
any  organic  compound  isolated  from  or  proven  present  in  a  soil  is 
with  regard  to  the  possible  effect  of  such  compound  on  plants. 
While  it  is  probably  true  that  every  organic  compound  in  the  soil 
which  is  at  all  soluble  is  to  some  extent  a  factor  influencing  plant 
growth  either  favorably  or  unfavorably,  and  that  before  there  can 
be  any  true  science  of  agricultural  chemistry  the  chemistry  of  the 
organic  soil  material,  harmless  as  well  as  injurious,  must  be  known, 
it  is  evident  that  at  this  stage  the  interest  of  the  investigator,  as  well 
as  of  the  practical  agriculturist,  centers  around  the  injurious  organic 
soil  compounds.  Once  the  identity  of  a  soil  compound  is  established, 
it  can  usually  be  prepared  artificially  in  quantity  sufficient  for  an 
extended  study  of  its  effects  on  plants,  both  alone  and  as  modified 
by  other  soil  compounds  or  added  chemicals,  fertilizers,  etc.,  an  inves- 
tigation which  can  not  but  furnish  much  of  scientific  interest  and 
practical  value. 

Anything  like  the  complete  knowledge  of  the  organic  matter  of  soils 
or  even  one  soil  can  be  arrived  at  only  after  long  research,  research  in 
a  field  as  yet  almost  unknown  and  one  presenting  many  difficulties 
incident  to  ignorance  of  matter  under  investigation  and  inadequacy  of 
available  methods.  Such  research  will  follow  as  the  natural  residt 
of  the  demonstration  of  the  presence  of  inhibiting  organic  compoimds 
in  soils'  in  the  most  positive  and  practical  manner  by  isolating  such 
bodies  so  that  they  can  be  seen,  handled,  and  experimented  with. 

a  Zeitflch.  physiol.  Chem.,  66, 1  (1908). 
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In  determining  the  properties  of  bodies  isolated  from  soils,  wheat 
seedlings  have  been  used  as  an  indicator  in  the  manner  described  in 
former  bulletins."  While  wheat  seedlings  only  have  been  used  in 
these  tests,  it  is  not  impossible  that  other  plants  may  show  inhibited 
growth  where  the  wheat  is  imaffected,  and  vice  versa,  as  was  found 
to  be  the  case  in  the  experiment  with  plant  succession  already  men- 
tioned, in  which  harmful  effects  were  noted  when  wheat  followed 
wheat  or  oats,  but  wheat  following  com  or  cowpeas  was  either  un- 
affected or  else  benefited.  In  carrying  out  the  tests,  wheat  seedlings 
three  or  four  days  old  of  uniform  size  were  grown  in  solutions  of  the 
substances  tested,  control  cultures  of  similar  seedlings  in  pure  dis- 
tilled water  being  carried  on  at  the  same  time.  The  transpiration  and 
green  weight  of  plants  at  the  end  of  the  period  of  growth,  generally 
ten  or  twelve  days,  together  with  observations  made  from  day  to  day 
on  the  appearance  of  the  roots  and  tops  furnished  the  data  from 
which  the  conclusion  as  to  inhibition  was  drawn. 

EFFECT  OF  PIGOLINE  CABBOXYLIC  AGED  AND  BELATED 

COMPOUNDS. 

The  method  by  which  picoline  carboxylic  acid  was  isolated  from 
soils  was  essentially  the  precipitation  of  the  acid  as  either  the  lead 
or  silver  salt  from  a  neutral  solution  of  a  portion  of  the  soil  organic 
matter.  The  amount  obtained  from  the  soil  by  this  method  was  very 
small.  For  this  reason,  and  more  particularly  to  meet  the  objection 
that  any  observed  injury  might  be  due  to  minute  traces  of  lead  or 
silver  incident  to  the  method  of  preparation,  the  effect  of  this  com- 
pound was  tested  with  the  artifically  prepared  body.  The  method  of 
preparing  this,  which  has  already  been  stated,  is  in  outline  the  treat- 
ment of  pyruvic  acid  in  alcohoUc  solution  with  dry  ammonia  gas, 
precipitation  of  uvitonic  acid  with  sulphuric  acid  and  splitting  of  this 
into  picoline  carboxylic  acid  and  carbon  dioxide  on  heating.  The 
yield,  however,  is  small. 

The  following  figures  give  the  results  obtained  with  wheat  seedlings 
grown  for  ten  days  in  solutions  of  different  strengths  of  artificial  pico- 
line carboxylic  acid. 

Effect  of  picoline  carboxylic  acid  on  wheat  seedlings. 


Solutions. 


Control  in  distilled  water 

Picoline  carboxylic  acid,  1  p.  p.  m . 

Same,  10  p.  p.  m 

Same,  50  p.  p.  m 

Same,  100  p.  p.  m 

Same,  200  p.  p.  m 


Relative 
transpira- 
tion. 


Relative 

green 
weight. 


100 
140 
105 
107 
85 
55 


100 
05 

lot 
96 
88 
70 
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It  is  seen  from  the  figures  above,  substantiated  by  the  results  of  other 
series,  that  this  soil  constituent  is  harmful  to  wheat  seedlings  and  in 
low  concentrations  is  a  stimulant,  an  effect  which  is,  however,  charac- 
teristic of  small  doses  of  poisons  when  applied  to  plants.  In  the  solu- 
tions containing  100  and  200  parts  per  million  in  addition  to  the 
decreased  transpiration  and  green  weight  of  plants  the  roots  showed 
the  abnormal  appearance  characteristic  of  the  presence  of  an  inju- 
rious compound,  little  growth  with  root  tips  first  darkened,  then 
club-shaped,  or  hooked.  However,  since  this  body  does  not  show 
marked  injurious  properties  in  solutions  containing  50  parts  per  mil- 
lion and  so  far  as  can  be  determined  occurs  in  the  bad  soil  extract  from 
the  soil  examined  in  less  amoimt,  it  does  not  seem  likely  to  explain  by 
its  presence  the  full  effect  of  the  injurious  properties  of  the  extract 
from  the  soil  in  which  it  was  foimd.  While  this  effect,  as  will  be  shown, 
is  undoubtedly  due  to  the  presence  of  the  more  harmful  dihydroxy- 
stearic  acid  in  this  particular  soil,  nevertheless  it  was  thought  to  be 
of  interest  to  study  in  this  regard  several  bodies  closely  related  to 
picoline  carboxylic  acid. 

Uvitonic  acid,  from  which  picoline  carboxylic  acid  is  formed  simply 
by  heating  to  the  melting  point  and  which  differs  from  it  only  by  CO^, 
is  so  closely  related  that  it  was  thought  desirable  to  test  its  effect 
even  though  there  was  no  evidence  of  its  presence  in  the  soil.  The 
result  of  such  a  test  with  wheat  seedlings  grown  for  twelve  days  in  solu- 
tions of  different  strengths  of  uvitonic  acid  is  shown  by  the  following 
figures: 

Effect  of  uvitonic  add  on  wheat  seedlings. 


Solutions. 


Control  in  distilled  water. 
Uvitonic  acid,  1  p.  p.  m. . 

Same,  5  p.  p.  m 

Same,  10  p.  p.  m 

Same,  50  p.  p.  m 

Same,  100  p.  p.  m 

Same,  200  p.  p.  ra 


Relative 
transpira- 
tion. 


100 
95 
88 
87 
39 
20 
35 


Relative 

green 

weight. 


100 

107 

116 

106 

78 

68 

Dead. 


The  plants  growing  in  concentrations  of  200  parts  per  million  were 
dead  when  the  test  was  terminated,  and  the  transpiration  of  this  set 
is  higher,  owing  to  this  death  of  the  plants,  as  dying  plants  frequently 
show  increased  transpiration. 

Uvitonic  acid,  it  is  evident,  is  quite  harmful  to  wheat  seedlings, 
much  more  so  than  the  nearly  related  picoline  carboxylic  acid.  It 
is  also  reported  to  be  strongly  antiseptic,  which  is  again  an  indication 
of  highly  injurious  properties  for  higher  plants. 

The  relative  effect  of  these  two  compoXmds  brings  up  the  question 
of  the.  relation  of  chemical  constitutiou  to  inhibitory  effect  on  plant 
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growth.    Uvitonic  acid  and  picoline  carboxylic  acid  are  related  as 
shown  by  the  structural  formulas 


Uyltonic  add. 
C  -  COOH 

/   \ 

HC          CM 

1           1 

Plooline  carboxjlic  ftcld. 

C-COOH 
HC          CH 

HC          C  -  CH, 

V 

COOH  -  C          C  -  CH, 

V 

the  former  differing  from  the  latter  by  CO,,  which  on  heating  splits 
off  from  the  carboxyl.  Uvitonic  acid,  as  shown,  Is  a  dicarboxylic 
acid,  and  the  greater  inhibition  would  seem  to  be  associated  with  the 
presence  of  the  second  carboxyl  group.  However,  all  the  carboxylic 
acids  of  pyridine  and  its  homologues  having  one,  two,  and  three  car- 
boxyls  are  weak  acids.  They  form  salts  with  bases  in  the  usual  way, 
but  have  also  the  power  of  forming  salts  with  mineral  acids  by  direct 
addition;  for  instance,  the  hydrochlorate,  by  the  addition  of  hydro- 
chloric acid.  It  is  only  in  the  higher  members  of  tliis  group,  for 
instance,  where  all  the  H  atoms  are  replaced  by  carboxyl,  that  the 
acid  properties  predominate  and  the  power  to  form  salts  with  mineral 
acids  is  lost.  The  whole  question  is  one  for  future  investigation,  the 
data  at  present  available  furnishing  little  more  than  suggestions  of 
possible  explajiations.  It  m9.y  be  said,  however,  that  the  harmful- 
ness  of  these  compounds  does  not  seem  to  be  due  to  hydrogen  ions. 

Other  related  compounds,  which  may  have  a  possible  soil  interest 
in  this  connection,  have  already  been  studied  with  the  following 
results:** 

Pyridine  (C5H5N)  forms  the  nucleus  upon  which  are  built  many  of 
the  alkaloids.  It  is  obtained  chiefly  from  coal  tar,  but  may  also  be 
obtained  from  a  number  of  alkaloids,  such  as  nicotine,  trigonelline, 
sparteine,  and  cinchonine,  when  these  are  highly  heated,  treated  with 
alkalies,  or  distilled  with  zinc  dust.  Pyridine  is  a  colorless  liquid  of 
penetrating  odor  and  basic  properties.  Laurent  ^  found  that  a  1  per 
cent  solution  of  pyridine  was  harmful  to  the  fungi  which  he  studied. 
It  has  been  observed  by  Falkenburg  <^  that  the  vapor  of  pyridine  and 
some  of  its  homologues  is  poisonous  to  bacteria. 

In  the  experiments  with  wheat  seedlings  it  was  found  that  although 
pyridine,  in  a  concentration  of  1 ,000  parts  per  miUion ,  did  not  kill  wheat 
plants  in  nine  days  it  was  nevertheless  very  injurious,  especially  to  the 
growth  of  the  green  parts  of  the  plants.  In  a  concentration  as  low 
as  50  parts  per  million  the  growth  of  the  tops  was  inhibited  and  the 
leaf  tips  turned  brown.  In  the  lower  concentrations  there  was  no 
stimulation  of  growth. 

_  _ ^ • 

oBul.  No.  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1907, 
6  Ann.  Soc.  Beige  Micr.,  14,  29  (1890). 
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Picoline  (C5H4N.CH3)  or  methyl  pyridine  was  harmful  to  wheat 
plants^  but  only  killed  in  the  concentrations  of  1,000  parts  per  million, 
and  did  not  cause  injury  below  600  parts  per  million.  The  injury 
seemed  to  be  manifested  by  the  tops  more  than  by  the  roots,  thus 
resembling  the  action  of  pyridine. 

Piperidine  (CsH^iN),  or  hexahydropyridine,  is  known  to  occur  in 
nature,  for  example,  in  the  pepper  plant,  and  forms  the  nucleus  of 
many  alkaloids.  Solutions  of  piperidine  killed  and  injured  at  a  lower 
concentration  than  either  pyridine  or  picoline.  A  sample  of  piper- 
idine that  was  neutralized  with  acetic  acid  proved  to  be  more  toxic 
than  the  strongly  alkaline  piperidine  itself.  Piperidine  seems  to  injure 
the  roots  more  severely  than  the  tops. 

Quinoline  (C9H7N)  has  a  genetic  relationship  with  pyridine  and 
forms  the  nucleus  of  many  alkaloids  found  in  plants  belonging  to  the 
families  Rubiaceae  and  LogaOiaceae.  Falkenburg**  found  that  quino- 
line was  harmful  to  bacteria  in  a  concentration  of  2,000  parts  per  mil- 
lion. Quinoline  killed  wheat  plants  at  a  concentration  of  500  parts 
per  million.  So  low  a  concentration  as  5  parts  per  million  affected 
them  injuriously  in  six  days.  None  of  the  lower  concentrations 
caused  stimulation  of  growth. 

While  picoline  carboxylic  acid  may  not  be  an  important  factor  in  the 
infertility  of  the  Takoma  soil,  the  fact  that  it  has  been  found  in  other 
soils  in  larger  quantities,  its  moderately  harmful  effect,  and  its  close 
relationship  to  other  pyridine  compounds  still  more  harmful,  places  it 
among  organic  soil  compounds  to  be  considered  and  sought  for  in  the 
general  study  of  unproductive  soils. 

EFFECT  OF  DIHYDBOXYSTEABIC  ACID. 

The  dihydroxystearic  acid  isolated  from  the  soil  was  readily 
obtained  in  quantity  sufficient  for  cultural  experiments,  and  as 
its  method  of  preparation  was  such  that  it  could  easily  be  obtained 
free  of  any  reagents  which  might  have  an  injurious  effect,  the 
body  obtained  from  the  soil  was  used  in  testing  the  effect  of 
this  compound.  As  a  preliminary  test  a  saturated  solution  of 
dihydroxystearic  acid,  which  was  found  to  contain  approximately 
200  parts  per  million  at  room  temperature,  was  used  as  a  culture 
solution  for  the  growth  of  wheat  seedUngs.  The  result  is  shown  in 
Plate  IV,  figure  1.  Ten  days'  growth  of  the  seedlings  in  this  solution 
gave  a  green  weight  of  plants  52.5  as  compared  with  100  for  the 
same  number  of  seedlings  in  distilled  water  for  the  same  time.  The 
water  transpired  by  the  plants  growing  in  dihydroxystearic  acid 
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solution  was  12.3  against  100  transpired  by  the  plants  growing  in 
distilled  water. 

The  harmful  effect  of  this  compound  in  not  very  high  concentrar 
tion  being  thus,  established,  culture  sets  comprising  several  concen- 
trations were  then  grown,  the  results  of  the  ten  days'  growth  being 
as  follows: 

Effect  of  dihydroxystearic  add  on  wheat  geedlings. 


Solutions. 


Dihydroxystearic  add  200  p.  p.  m 

Same,  100  p.  p.  m 

Same,  60  p.  p.  m , 

Same,  20  p.  p.  m 

Control  in  puro  diatUled  water 


Relative 
transpi- 
ration. 


Relative 

green 

weight. 


54 
53 

78 

87 

100 


These  results  are  illustrated  in  Plate  IV,  figure  2.  The  effect  of 
this  body,  it  will  be  noted,  is  as  great  in  a  concentration  of  100  parts 
per  million  as  in  &  concentration  of  200  parts  per  milUon,  which  is 
approximately  a  saturated  solution,  and  is  marked  even  when  the 
concentration  is  as  low  as  20  parts  per  million. 

Artificial  dihydroxystearic  acid  prepared  as  described  from  elaidic 
acid,  as  well  as  the  isomeric  dihydroxystearic  acid  formed  on  the  oxi- 
dation of  oleic  acid,  gave  in  concentration  of  200  parts  per  million 
practically  the  same  results,  very  Uttle  transpiration,  green  weight 
about  half  of  that  in  the  control  solutions,  and  death  of  the  plants  in 
twelve  or  fifteen  days.  Other  than  this  there  has  been  no  study  of 
the  effect  of  compounds  related  to  the  dihydroxystearic  acid  found  in 
the  soil. 

Dihydroxystearic  acid  is,  as  may  be  inferred  from  its  power  to 
decompose  carbonates,  a  much  stronger  acid  than  picoline  carboxylic 

acid,  and  as  represented  by  the  formula  ponTT/TTrNVn    OTT  ^^' 

takes  also  of  an  alcoholic  nature.  Whether  the  harmful  effect  of  this 
compound  is  due  to  the  combination  of  alcohol  and  acid  characters, 
the  so-called  hydroxyacid  structure,  is  of  course  not  known.  As  has 
already  been  stated  the  whole  question  of  the  relation  between  effect 
on  plant  growth  and  composition  and  constitution  is  one  which  will  be 
thoroughly  understood  only  after  long  investigation.  It  may  be  well 
to  note,  however,  in  discussing  the  effect  of  a  body  of  an  acid  consti- 
tution like  dihydroxystearic  acid  that  the  data  at  present  available  is 
sufficient  to  prove  that  toxicity  is  not  necessarily  connected  with  the 
acid  character  or  the  presence  of  hydrogen  ions.  It  is  well  known 
that  an  acid  which  is  little  dissociated  in  solution  may  be  much  more 
harmful  than  another  which  is  dissociated  to  a  much  greater  extent. 
For  this  as  well  as  other  reasons  based  on  observations  on  the  effect 
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of  organic  compounds  many  of  those  who  have  studied  this  question 
hold  that  the  harmful  effect  of  organic  compounds  is  in  many  cases 
associated  with  the  structure  of  the  molecule  rather  than  due  entirely 
to  dissociation  products. 

Preliminary  investigations  have  shown  that  some  of  the  combmar- 
tions  of  dihydroxystearic  acid  with  bases  are  as  harmful  as  the  acid 
itself,  although  much  less  soluble.  It  was  found  that  cultures  in  the 
calcium  and  potassium  salts  of  dihydroxystearic  acid  gave  greater 
green  weights  and  greater  transpiration  than  cultures  in  distilled 
water,  while  the  iron  and  alumina  salts,  although  less  soluble  than 
the  acid,  gave  a  growth  and  transpiration  almost  as  low  as  solutions 
of  the  acid  itself.  The  iron  and  alumina  salts,  because  the  least  solu- 
ble, are  perhaps  the  ones  most  likely  to  be  present  in  soils.  It  would 
seem,  then,  that  the  injurious  effect  of  this  body  when  found  in  the 
soil  may  not  be  confined  to  that  produced  slowly  during  its  forma- 
tion, but  that  it  may  be  stored  up  in  a  Uttle-soluble  but  very  harmful 

form. 

SUMKAAY. 

Previous  investigations  have  indicated  that  soils  may  be  infertile 
or  "exhausted"  because  of  the  presence  in  them  of  organic  com- 
pounds injurious  to  plants. 

The  present  paper  deals  with  the  isolation  and  identification  of 
some  of  the  inhibitory  or  injurious  compounds  in  such  infertile  soils. 
It  is  almost  self-evident  that  where  such  bodies  give  rise  to  infertile 
soils  there  can  be  intelligent  scientific  treatment  of  such  soils  only 
when  the  nature  and  properties  of  these  bodies  are  known.  The 
isolation  and  identification  of  these  bodies  is  the  first  step  in  the 
attainment  of  this  knowledge. 

In  approaching  this  problem,  which  is  an  exceedingly  complex  one, 
it  was  found  necessary  to  review  briefly  the  knowledge  of  the  origin 
of  the  organic  matter  in  the'  soil.  This  review  shows  that  the  soil 
organic  matter  arises  through  the  decay  of  organic  compounds  of 
vegetable  and  animal  origin;  that  among  these  compounds  are  many 
of  well-known  composition  and  constitution  which  get  into  the  soil 
and  may  even  persist  for  a  time,  and  that  many  compounds  which  are 
formed  from  these  in  the  process  of  decay  are  likewise  well  estab- 
lished as  definite  chemical  compounds. 

When  the  effect  of  these  compounds  which  are  known  to  get  into 
the  soil  or  to  be  formed  in  the  soil  is  considered,  it  is  found  that 
many  of  them  have  been  shown  to  be  harmful  to  plants,  some  even 
when  in  very  small  amounts.  On  the  other  hand,  it  is  not  yet  possi- 
ble to  trace  any  general  relation  between  the  harmful  properties  and 
the  chemical  composition  or  constitution,  and  consequently  it  is  not 
possible  to  determine  the  effect  of  any  compound  on  plants  except 
by  experiment. 


52  ISOLATION   OF   HARMFUIi  ORGANIC  SUBSTANCES. 

In  addition  to  known  products  of  vegetable  and  animal  origin  and 
their  products  of  decay,  it  is  possible  that  still  other  compounds  are 
produced  and  exist  in  the  soil  about  which  there  is  no  knowledge, 
not  even  of  a  speculative  kind.  In  view  of  these  facts,  it  was  found 
necessary  to  consider  briefly  the  present  knowledge  of  soil  organic 
matter  in  general.  It  was  found  that  although  the  organic  matter 
in  soils  is  an  important  ingredient,  amounting  in  most  cases  to  many 
tons  per  acre,  almost  nothing  is  known  of  the  chemical  nature  of 
this  material. 

The  diflBculties,  then,  in  attempting  to  isolate  harmful  organic  com- 
pounds from  infertile  soils  are  due  to  ignorance  of  what  compounds  are 
harmful  to  plants  and  what  are  not,  and  also  to  lack  of  knowledge 
of  the  chemical  nature  of  the  organic  matter  of  the  soil  and  conse- 
quent lack  of  methods  for  dealing  with  such  material. 

The  first  crystalline  organic  compound  isolated  from  a  soil  was  a 
nitrogenous  body,  picoline  carboxylic  acid,  which  was  obtained  by 
a  process  which  had  its  starting  point  in  a  solution  of  a  portion  of 
the  organic  matter  in  sodium  hydrate  solution.  This  body  is  a  defi- 
nite crystalline  compound  with  very  faint  acid  properties  and  has 
also  the  power  of  acting  as  a  base  toward  strong  acids.  Along  with 
the  isolation  of  this  compound  there  were  obtained  indications  of 
the  presence  in  the  same  soil  of  other  bodies,  some  of  which  are 
related  to  it. 

From  the  same  and  aiiother  soil  by  a  modification  of  the  same 
method  another  organic  compound  was  obtained.  This  compound, 
dihydroxystearic  acid,  is  nonnitrogenous  and  is  in  no  way  related 
to  the  nitrogenous  body  first  isolated.  Dihydroxystearic  acid,  like 
picoline  carboxylic  acid,  is  a  well-defined  crystalline  chemical  com- 
pound heretofore  known  only  as  a  laboratory  product. 

The  properties  of  these  two  organic  compounds  were  tested  by  the 
effect  of  their  solutions  on  wheat  seedlings.  PicoUne  carboxylic  acid 
was  found  to  be  harmful  in  concentrations  of  100  parts  per  million, 
and  like  many  poisons  had  a  stimulating  effect  when  present  in  small 
quantities.  Dihydroxystearic  acid  was  injurious  in  all  concentra- 
tions tested  and  ultimately  caused  death  of  the  plants  in  concentra^ 
tions  of  100  parts  per  milUon. 

Two  other  crystalUne  organic  compounds  previously  undescribed  in 
the  Uterature  were  isolated  from  a  soil.  One  of  these,  which  has  been 
named  agroceric  acid,  is  a  member  of  the  waxy  acids;  the  other, 
which  has  been  named  agrosterol,  belongs  to  the  cholesterol  gtoup 
of  bodies.  Neither  of  these  substances  appear  to  be  harmful  to 
wheat  and  are  of  interest  in  the  study  of  soil  fertiUty  chiefly  with 
regard  to  their  possible  connection  with  the  generation  or  destruction 
of  injurious  or  beneficial  compounds,  although  it  is  not  impossible 
that  they  may  be  themselves  harmful  to  plants  other  than  that  tested. 
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Apart  from  the  purely  scientific  interest  attached  to  the  isolation 
from  soil  of  any  definite  organic  compound,  the  work  here  stated 
furnishes  a  simple  tangible  proof  of  the  presence  of  injurious  organic 
compounds  in  soils  and  should  lay  the  foundation  of  the  rational 
study  and  remedy  of  unfavorable  conditions  in  such  unproductive 
or  so-called  ''exhausted"  soils. 

In  the  present  bulletin  there  are  described  four  organic  compounds 
isolated  from  soils,  all  well-defined  crystalline  bodies,  one  of  which 
is  quite  injurious,  one  sUghtly  harmful  but  related  to  much  more 
harmful  compounds,  and  two  that  are  not  harmful  so  far  as  the 
wheat  seedlings  used  in  the  tests  are  concerned,  although,  as 
pointed  out  above,  other  plants  may  be  quite  differently  affected  by 
these  substances. 

In  addition  to  these,  there  have  been  isolated  a  number  of  other 
well-defined  bodies,  likewise  crystalline.  These  various  soil  com- 
pounds are  being  studied  and  as  far  as  possible  their  nature  and 
properties  will  be  determined  and  the  results  given  in  future 
publications. 
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PREFACE. 


It  is  now  generally  understood  that  the  mineral  components  of 
soils  fall  into  two  general  classes.  The  first  class  comprises  the 
common  rock-forming  minerals.  It  is  generally  the  case,  however, 
that  a  soil  appears  to  be  much  more  complex  and  to  contain  many 
more  different  minerals  than  any  given  rock.  This  is  due  in  part  to 
the  fact  that  in  the  rock  a  certain  few  minerals  which  characterize 
that  particular  rock  predominate  to  such  an  extent  as  to  mask  the 
other  minerals  which  may  lx»  present.  It  is  also  due  in  part  to  the 
fact  that  the  transportation  of  soil  material  from  point  to  point,  often 
to  great  distances,  by  wind  and  water  and  other  agencies,  produces 
a  very  complex  mineral  mixture,  so  that  in  almost  any  soil  all  or 
nearly  all  of  the  common  rock-forming  minerals  can  be  found.  It  is 
very  probable  also  that  many  minerals  form  in  the  soil.  The  various 
mineral  fragments  can  be  found  to  a  greater  or  less  extent  through  all 
the  various  sized  soil  particles,  but  in  general,  as  might  be  anticipated 
from  their  origin,  the  finer  the  particles  of  the  soil  the  more  complex 
is  the  mineral  mixture. 

The  second  class  of  mineral  components  in  the  soil  consists  of 
decomposition  products  derived  from  the  first  class  by  the  action  of 
water  and  other  weathering  agencies  of  one  kind  or  another.  It  is 
common  knowledge  that  of  these  substances  the  silica,  as  quartz,  tends 
to  accumulate  in  the  coarser  grades  of  soil  particles  and  ferruginous 
material  in  the  finer  grades.  The  distribution  of  the  other  products 
is  not  so  obvious,  although  of  the  first  importance  for  both  theoretical 
and  practical  handling  of  soil  problems. 

The  existing  literature  on  this  subject  is  meager  and  unsatisfactory. 
The  tedious  and  difficult  analytical  operations  involved  have  undoubt- 
edly deterred  investigators  hitherto;  but  the  importance  of  the  sub- 
ject in  itself  and  as  a  connecting  link  in  the  larger  problem  of  the 
mineral  chemistry  of  the  soil,  which  is  being  investigated  by  this 
Bureau,  has  led  Mr.  Failyer,  with  Messrs.  Smith  and  Wade,  to  study 
the  chemical  composition  of  the  soil  separates  of  a  number  of  soils, 
covering  all  the  important  agricultural  areas  of  the  United  States. 
The  mineralogical  composition  of  these  same  separates  is  still  under 
investigation. 

The  conclusions  summarized  at  the  end  of  the  present  bulletin  may 
be  taken  safely  as  applying  to  soils  generally,  and  mark  another  posi- 
tive step  forward  in  our  knowledge  of  soils. 

Frank  K.  Camkron. 
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THE  MINERAL  COMPOSITION  OF  SOIL  PARTICLES. 


INTRODUCTION. 


As  is  well  known,  soils  are  made  up  of  mineral  particles  of  many 
different  sizes,  and  the  relative  proportions  of  the  different  sized  par- 
ticles have  a  most  important  influence  on  the  physical  properties  of 
the  soil  and  its  adaptability  to  the  growth  of  various  kinds  of  crops. 
Therefore,  in  the  mapping  of  soils  by  the  Bureau,  mechanical  analyses 
of  many  type  samples  are  made.  By  sedimentation,  assisted  by  a 
centrifuge,  soils  are  separated  into  arbitrary  mechanical  components 
called  clay,  silt,  and  sand.  The  latter  is  separated  by  sifting  into 
five  grades.  As  used  by  the  Bureau,  clay  comprehends  particles  hav- 
mg  a  diameter  of  0.005  mm.  or  less;  silt  includes  particles  whose 
diameters  range  from  0.005  to  0.05  mm. ;  very  fine  sand,  particles  from 
0.05  to  0.1  mm.;  fine  sand  0.1  to  0.25  mm.;  medium  sand,  0.25  to  0.5 
mm. ;  coarse  sand,  0.5  to  1  nmi. ;  very  coarse  sand,  1  to  2  mm. 

It  is  a  matter  of  interest  and  importance  to  know  how  these  sep- 
arates compare  in  their  content  of  the  important  mineral  plant-food 
constituents.  For  instance,  whether  phosphorus,  potassium,  and 
calcium  be  uniformly  distributed  through  the  sand,  the  silt,  and  the 
clay,  or  whether  they  be  concentrated  in  one  or  more  of  these  sep- 
arates ;  and  whether  different  classes  and  types  of  soils  differ  in  this 
respect. 

Another  matter  of  interest  is  the  influence  of  the  manner  of  the 
formation  of  the  soil  and  of  climate  upon  the  distribution  of  the  sev- 
eral mineral  nutrients.  The  past  history  of  the  soil  greatly  affects 
its  mechanical  and  mineralogical  composition.  How  it  will  affect  the 
distribution  of  the  plant-food  constituents  is  not  always  obvious. 

For  some  time  investigators  have  recognized  that  the  groups  of 
various  sized  particles  of  a  soil  may  differ  in  chemical  composition. 
Considerable  attention  has  been  given  to  certain  phases  of  the  subject; 
but  it  has  not  as  a  whole  received  the  detailed  study  that  it  deserves. 
Much  of  the  analytical  work  that  has  been  done  upon  the  mechanical 
separates  of  soils  has  been  by  treatment  with  some  conventional 
strength  of  hydrochloric  acid.  Such  work  is  a  study  of  solution  and 
not  of  ultimate  composition. 

Apparently  Loughridge*  was  the  first  to  make  any  study  of  the 
chemical  composition  of  the  mechanical  elements  of  a  soil.     By  means 

«Am.  Jour.  Sci.,  7,  17  (1874). 
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of  Hilgard's  churn  elutriator  he  prepared  mechanical  separates  of  a 
loam  upland  subsoil  from  Mississippi.  The  separates  were  extracted 
by  five  days'  digestion  in  hydrocloric  acid  of  1.115  specific  gravity  and 
the  solution  analyzed.  Larger  proportions  of  potash,  magnesia,  iron, 
alumina,  and  silica  were  found  in  the  extract  of  the  finer  portions 
than  in  that  of  the  coarser.  The  lime  was  irregular  and  the  soda  and 
sulphuric  acid  somewhat  uncertain. 

Orth"  made  mechanical  separations  of  samples  of  a  soil  taken  at 
four  depths.  These  samples  consisted  of  the  surface  soil  to  a  depth  of 
about  8  inches — loamy  sand ;  a  layer  of  subsoil  about  16  inches  thick — 
loamy  sand ;  a  16-inch  layer  of  loam  below  the  preceding,  and  a  thick 
layer  of  marly  loam  under  all  of  these.  Chemical  analyses,  by  decom- 
position with  hydrofluoric  acid,  were  made  of  each  of  these  samples 
and  of  the  particles  of  each  under  0.01  mm.  in  diameter.  The  whole 
soil  of  each  layer  contained  a  greater  percentage  of  silica  than  did 
the  part  less  than  0.01  mm.,  while  the  latter  contained  a  higher  per- 
centage of  potash,  lime,  magnesia,  soda,  iron,  alumina,  and  phosphoric 
acid.  Orth  does  not  make  these  comparisons,  but  a  recalculation  of 
his  tabulated  figures  makes  the  comparison  possible.  It  should  be 
observed  that  this  is  not  a  direct  comparison  of  the  composition  of 
the  coarse  with  that  of  the  fine  particles.  The  w^hole  soil  is  compared 
with  its  finest  part.  Indirectly,  of  course,  a  comparison  is  made  of 
the  coarser  with  the  finer  portions  of  this  one  soil  and  its  subsoil. 

Schneider  ^  studied  a  residual  soil  from  the  Rockland  Ridge,  near 
The  Dalles,  on  the  Columbia  River,  Washington.  The  rock  whose 
disintegration  formed  the  soil  is  said  to  be  an  augite  andesite,  its  prin- 
cipal constituents  being  "  plagioclase,  augite,  apatite,  magnetite,  un- 
differentiated glass." 

The  soil  was  subjected  to  mechanical  analysis  by  Hilgard's  well- 
known  method.  For  purposes  of  analysis,  four  groups  were  made  of 
the  sediments  prepared  from  the  fine  earth — the  part  less  than  0.6  mm. 
diameter.  One  group  included  particles  of  diameters  between  0.5 
and  0.1  mm.;  another,  particles  between  0.1  and  0.01  mm.;  another, 
those  between  0.01  and  0.001  mm.,  and  the  last  portion,  particles  less 
than  0.001  mm.    This  last  fraction  was  called  "  clay." 

Both  fusion  and  acid  digestion  methods  were  used  in  analyzing 
these  sediments,  but  as  indicated  in  Table  I,  not  all  the  analvses  were 
carried  to  completion. 

Table  I  gives  Schneider's  results  calculated  to  water-free  and 
organic-matter-free  substance.  The  dimensions  of  the  fractions  are 
derived  from  Hilgard's  "  Table  of  diameters  and  hydraulic  values  of 
sediments."  ^ 

<»Ber.,  15,  3028  (1882). 

2>Am.  Jour.  Sci..  86,  23G   (1888). 

^Am.  Jour.  Sci.,  6,  337   (1873). 
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The  author  points  out  that  the  percentages  of  "  alkalis  and  alkaline 
earths  extracted  by  the  hydrochloric  acid  decrease  in  the  fractions 
almost  proportionately  to  the  decrease  of  total  percentages  obtained 
in  the  analysis  by  fusion." 

From  an  inspection  of  Table  I  it  is  seen  that  the  phosphoric  acid 
and  the  magnesia  are  irregularly  distributed  among  the  sediments; 
that  the  lime  decreases  with  the  size  of  the  particles;  and  that  the 
potash,  so  far  as  given,  increases  as  the  particles  decrease  in  size. 

Table  I. — Partial  composition  of  the  separates  of  a  soil  analyzed  by  Schneider, 


• 

By  fusion. 

By  acid  digestion. 

Grade  of  material. 

CaO 

MgO 

KjO 

P2O5 

CaO 

MgO 

KjO 

Particles  0. 5  to  0. 1  mm 

Peret, 
6.57 

Per  ct. 
2.60 

Per  ct. 
1.54 

Peret. 

0.14 

.18 

.46 

.14 

Pcrct. 

3.02 

2.60 

2.28 

.21 

Perct. 

1.06 

.82 

1.56 

1.43 

Perct. 
0.32 

pRrtinlpfl  0, 1  to  0  01  mm 

.88 

Particles  0. 01  to  0. 001  mm 

8.32 
.61 

1.86 
1.93 

1.90 

.66 

'*Clay."  leas  than  0. 001  mm 

In  studying  the  changes  in  composition  when  rocks  weather  to 
soils  Merrill «  has  analyzed  a  soil  and  the  "  silt "  separated  from  it. 
Under  silt  are  included  particles  0.1  mm.  and  less  in  diameter.  This 
silt  contained  larger  percentages  of  potash,  lime,  and  magnesia  than 
did  the  soil. 

R.  Sachsse  *  analyzed  the  fine  earth  of  five  soils  and  also  the  por- 
tions of  these  soils  carried  over  bv  a  stream  of  water  of  0.2  mm. 
velocity.  A  comparison  of  the  tabulated  results  shows  great  irreg- 
ularity in  the  distribution  of  the  elements.  The  lime,  potash,  and 
alumina  are  proportionately  more  abundant  in  the  very  fine  particles 
than  in  the  soil  as  a  whole.  The  proportion  of  iron,  magnesia,  and 
soda  is  greater  in  the  finer  parts  of  some  of  the  soils ;  in  others  the 
reverse  is  true.  The  phosphoric  acid  in  the  portions  carried  by  the 
0.2  mm.  stream  is  not  given.  In  this  case,  as  before,  the  whole  soil 
is  compared  with  one  of  its  parts. 

Meyer  ^  likewise  compared  the  composition  of  the  whole  soil  with 
that  of  its  finer  parts.  Twenty-six  soils  differing  much  in  physical 
character  were  used  in  his  work.  For  analysis  and  comparison,  three 
samples  were  prepared  from  each  soil.  One  consisted  of  the  whole 
soil,  excluding  gravel  above  5  mm.  in  diameter.  It  was  pulverized 
in  a  mortar  to  pass  through  a  0.5  mm.  sieve,  for  treatment  with  acid 
as  described  below.  Another  sample  was  the  "  fine  earth."  It  was 
obtained  from  a  portion  of  the  original  soil  by  sifting,  the  part  pass- 

oBuI.  Geol.  Soa  Am.,  6,  323  (1895). 

*Clieiii.  Centr.-Blatt,  66,  1,  752  (1896).  The  original  publication  (Geolo- 
gische  Spezialkarte  der  Kdnigrelchs  Sacheen,  Sektion  Lommatzsch-Leuben)  Is 
not  accessible  to  us. 

«Laudw.  Jabrb..,„29,  913  (1800). 
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ing  through  a  0.24  mm.  sieve  being  taken  for  analysis.  The  third 
sample  was  the  clay  or  dust  (staub).  It  was  separated  from  another 
portion  of  the  original  soil  by  sifting,  and  consisted  of  particles  not 
greater  than  0.11  mm.  in  diameter.  Since  the  finer  grades  of  soil  par- 
ticles are  found  in  all  three  samples  thus  prepared  and  the  coarser 
ones  are  not,  any  differences  in  composition  of  the  samples  must  be 
due  to  differences  l)etween  the  fine  and  the  coarse  particles.  These 
samples  were  digested  in  hydrochloric  acid  for  three  hours  at  100®  C. 
and  the  extract  analyzed.  With  very  few  exceptions  he  found  greater 
percentages  of  lime,  magnesia,  iron  and  alumina,  and  phosphoric 
and  sulphuric  acids,  in  the  extracts  of  the  "  fine  earth  "  than  in  those 
of  the  whole  soil,  and  greater  percentages  of  these  substances  in  the 
extracts  of  the  "  dust  "  than  in  those  of  the  "  fine  earth."  No  deter- 
minations were  made  of  the  potash  in  the  samples.  Since  only  the 
substances  dissolved  by  the  acid  were  determined,  this  is  more  a 
solubility  study  than  one  of  composition. 

Tolman,*  working  on  two  soils  from  the  arid  region,  found  a  greater 
degree  of  solubility  in  the  finer  particles,  but  the  acid  (hydrocholric 
acid  of  1.115  sp.  gr.)  extracted  notable  amounts  from  all  of  the  sepa- 
rates, even  those  of  2  mm.  diameter.  A  higher  percentage  of  potash, 
soda,  magnesia,  iron,  alumina,  and  phosphoric  acid  was  found  in  the 
solutions  of  the  finer  portions.  The  lime  varied,  but  was  an  approxi- 
mately constant  constituent  of  the  separates.  He  compared  his 
results  with  those  obtained  by  Loughridge  and  found,  as  might  be 
anticipated,  that  much  greater  proportions  of  the  soluble  substances 
occur  in  the  coarser  grains  of  the  arid  soils  than  in  those  of  like  size 
in  the  humid  soil. 

Ileadden,^  working  upon  a  granitic  soil  on  the  station  grounds,  took 
a  sample  10  inches  deep  and  separated  the  fine  earth  (the  portion 
passing  through  a  sieve  of  1  millimeter  mesh)  by  beaker  elutriation 
into  6  components.  Complete  chemical  analyses  were  made  of  the 
"  fine  sand,"  particles  0.25  to  0.05  mm.  in  diameter,  the  "  silt,"  0.05  to 
0.01  mm.,  the  "  dust,"  0.01  to  0.001  mm.,  and  the  "  clay,"  less  than 
0.001  mm.  It  is  pointed  out  that  the  separates  differ  decidedly  in 
composition,  and  that  "  there  is  an  accumulation  of  potash  in  the 
finer  portions  of  the  soil,  and  a  diminution  of  the  silicic  acid." 

Westermann  ^  investigated  the  relations  of  the  "  clay "  (ler) 
content  of  certain  Danish  soils  to  their  content  of  the  several  plant 
food  constituents.  He  made  mechanical  analyses  of  100  soils  from 
eighteen  counties  well  distributed  over  Denmark.  Eighteen  of  these 
soils,  varying  in  clay  content  from  high  to  low,  were  digested  forty- 
eight  hours  at  19°  C.  in  30  per  cent  hydrochloric  acid,  and  the  solu- 

»  Rept  Cal.  Agr.  Expt.  Sta.,  1SJ)8-1901,  Part  I,  p.  8.3. 

&Biil.  66,  Colo,  Agr.  Exp.  Sta.  (1901),  p.  19. 

<^  Under slogelser  over  Typer  af  danlske  Jorder,  Copenhagen,  1902, 
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tions  analyzed.  He  finds  no  constant  relation  between  the  content  of 
phosphoric  or  sulphuric  acids  extracted  and  of  "clay;"  the  relation 
between  the  content  of  potash  and  of  "  clay  "  is  close ;  there  is  a  gen- 
eral similarity  in  the  content  of  "  clay  "  and  of  lime,  magnesia,  and 
iron,  but  there  are  important  individual  departures  from  the  rule. 

Bagger"  studied  the  relation  of  the  soluble  potash  content  of  soils 
to  the  impalpable  matter  they  contain,  using  results  of  other  workers 
as  well  as  some  of  his  own.  In  some  of  the  published  results  of  analy- 
ses he  finds  that  soils  containing  the  more  clayey  substances  are 
richer  in  soluble  potash;  in  othei's  the  reverse  is  true.  Bagger  him- 
self examined  eight  soils  of  known  history.  A  micaceous  sandy  soil 
containing  little  "  clay  "  (abgeschlammte  teile)  was  rich  in  potash 
soluble  in  concentrated  hydrochloric  acid,  while  heavv  loams  con- 
tained  much  "  clay  "  and  little  potash.  His  general  conclusion  from 
his  study  of  soils  is  that  the  potash  content  of  the  soil  bears  no  definite 
relation  to  its  mechanical  composition,  thus  combating  a  view  held  by 
several  agricultural  writers.  Potash  is  the  only  constituent  considered 
by  this  author.  He  compares  the  potash  extracted  from  the  soils  as 
a  whole*  with  that  from  the  finer  particles,  and  does  not  determine  the 
potash  in  the  mechanical  separates  themselves. 

Schloesing  *  selected  four  soils  that  varied  from  very  sandy  to  very 
clayey,  and  separated  these  into  their  mechanical  components  by  a 
method  of  sedimentation,  which  is  given.  These  separates  were  boiled 
with  hydrochloric  acid  and  the  iron  and  phosphoric  acid  in  the  ex- 
tracts determined.  In  each  of  the  soils  the  iron  and  the  phosphoric 
acid  increased  as  the  size  of  the  physical  elements  decreased.  The  iron 
and  the  phosphoric  acid  contained  in  the  undissolved  mineral  grains 
would  not  be  determined  by  this  treatment.  Schloesing  ^  also  com- 
pares the  separates  of  two  subsoils  as  to  their  content  of  carbon.  The 
soils  above  the  subsoils  are  rich  in  organic  matter.  One  of  the  sub- 
soils is  highly  calcareous,  the  other  nearly  free  from  lime.  Schloesing 
found  that  the  finer  portions  of  these  subsoils  are  the  richer  in  carbon. 
He  is  of  the  opinion  that  soil  grains  are  coated  with  the  various  sub- 
stances that,  have  gone  into  solution  in  soils  and  have  separated  out 
again.  Since  the  surface  of  small  particles  is  greater  compared  to 
their  mass  than  is  the  case  with  larger  ones,  these  coatings  would  form 
a  higher  percentage  of  the  finer  separates,  even  if  they  be  of  the  same 
thickness. 

Rudzinski,''  in  the  course  of  experiments  in  the  growth  of  plants  in 
the  mechanical  elements  of  soils,  prepared  separates  of  a  clayey  cher- 

'•Inaug.  Diss.,  Albertiis-Unlversltat,  Konigsberg,  10<)2. 
^Compt.  rend.,  184,  (V31  (1902). 
<^Compt.  rend.,  186,  601  (1902). 

*Izv.  Moscow  Selsk.  Khoz.  Inst.  (Ann.  Inst.  Agrou.,  Moscow.),  IX,  >'o,  2»  p. 
172  (1903).    (Expt.  Sta.  Rec.  XVl,  345,  1904.) 
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nozem  (black  earth),  a  peaty  clay,  and  a  podzol  soil  (an  ashy  soil 
composed  largely  of  very  fine  sand).  He  concludes  from  his  chemical 
examination  of  the  separates  that  the  content  of  potash  and  of  phos- 
phoric acid  in  the  mechanical  elements  of  the  soils  investigated  de- 
crease with  the  increase  of  their  size,  and  that  the  like  separates  from 
soils  of  like  geological  origin  even  are  unlike  in  their  chemical  com- 
position. 

Mazurenko  **  made  mechanical  analyses  of  two  strikingly  different 
soils,  a  loess  and  a  podzol.  Tlie  data  show  that  in  the  separates  of 
both  soils  the  silica  decreased  and  the  other  elements  increased  as  the 
size  of  the  particles  decreased. 

Dumont  ^  compares  the  distribution  of  potash  among  the  separates 
of  two  soils  about  equally  rich  in  this  substance,  but  very  different 
as  to  origin  and  manner  of  formation.  One  w^as  a  fine-grained  soil 
from  an  experimental  field  at  Grignon,  the  other  a  coarse,  sandy 
granitic  soil  from  Creuse.  They  were  separated  into  different  sized 
particles  by  the  method  of  Schloesing,  the  separates  decomposed  by 
hydrofluoric  acid,  and  analyzed  by  usual  methods. 

Table  II  shows  the  percentage  of  potash  in  the  separate^,  the  potash 
of  each  separate  expressed  as  percentage  of  the  whole  soil,  and  the 
percentage  distribution  of  the  potash  of  the  soil  among  the  separates. 

.  Table  II. — Potash  content  of  »oil  separates  according  to  Dumont.    . 


Grade  of  pnrlic]t»s. 


Potash,  per  cent 
of  sepkrate. 


Soil  of 
Grignon. 


I  Percent. 

Coarse  sand 0.864 

Fine  sand 992 

Clay I         .940 


Soil  of 
Creuse. 


Prr  rertt. 

1.38 

.58 

.51 


Potash,  per  cent 
of  soil. 


Soil  of 
Grignon. 


Percent. 
0.148 

.588 
.158 

.894 


Soil  of 
Creuse. 


Per  cent. 

0.605 

.225 

.023 


Per  cent  of  potajsh 

of  soil 

in  separate. 


Soil  of 
Grignon. 


Soil  of 
Creuse. 


Percent 
16.56 

65. 7S 
17.  67 


Percent. 

70.93 

26.37 

2.70 


.853 


It  is  obvious  that  although  these  soils  contain  about  the  same  pro- 
portion of  pota^isiuuK  the  element  is  very  differently  distributed  in 
their  mechanical  components.  The  .separates  of  the  Grignon  soils 
are  about  equally  rich  in  potash,  ^vhile  the  sand  of  the  soil  of  Creuse 
is  nearly  three  times  as  rich  as  the  clay.  A.s  pointed  out  by  Dumont, 
five-sixths  of  the  total  potash  of  one  soil  is  contained  in  its  finer 
particles,  whereas  in  the  other,  on  the  contrary,  seven-tenths  of  the 
potash  of  the  soil  is  in  the  coarse  sand. 

Hall  ^  prepared  separates  of  the  Rothamsted  soils  by  sedimenta- 
tion. Composites  were  prepared  by  mixing  the  sediments  of  like 
grade  derived  from  the  several  soils.    The  partial  composition  of 

«Inaug.  Diss.,  Munich;  Abs.  in  Zhur.  Opiiitn.  Agron.  (Jour.  Expt.  Landw.), 
V,  No.  1,  p.  73  (1904).     (Expt.  Sta.  Rec.  XVI,  ^44,  1004.) 
»Ck)mpt.  rend.,  188,  215  (1904). 
<^  Jour.  Cbem.  See.,  86,  960  (1904). 
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these  mixed  sediments,  as  given  by  Hall,  shows  that  the  percentage  of 
silica  decreases  and  that  of  the  alumina  and  the  iron  increases  as 
the  size  of  the  sediments  decreases — an  observation  confirmed  by  work 
in  this  laboratory  for  soils  in  general. 

Puchner,®  in  an  article  on  the  distribution  of  nutrients  in  the 
separates  of  the  soil,  describes  his  work  upon  three  soils  differing 
widely  in  physical  character  and  in  geological  origin. 

Soil  No.  1  was  a  heavy  loam;  Xo.  2,  a  silty  soil  (loessial) ;  No.  8,  a 
coarse  sandy  soil  from  gneiss.  These  soils  were  resolved  into  their 
mechanical  components,  four  divisions  being  made  of  the  particles 
less  than  0.25  mm.  in  diameter.  Complete  analyses  were  made  of 
these  finer  separates.  The  medium  and  coarse  sands  not  being 
analyzed,  no  comparison  of  the  composition  of  these  with  the  finer 
portions  can  be  made. 

The  composition  of  the  finer  separates  of  the  three  soils  is  given  in 
Table  III.  Table  IV  gives  the  content  of  the  elements  in  the  several 
separates  calculated  to  percentages  of  the  soil. 


Tarle   III. — Composition   of  the  mechanical  neparates   analyzed   hy   Puchner, 

[The  figures  express  percentages  of  the  separates.] 
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2.  Loamy  loeHs  soil. 


3.  Coarse  sandy  gneiss  soil. 
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Table  IV. — The  Pifh,  CaO,  MgO,  and  K-^O,  in  the  separate.ft  analyzed  hy  Pnehner, 

ealculated  to  percenlaffea  of  the  total  soil. 
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2.  Coarse  sandy  gneiss  soil. 
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■Landw.  Vers.-Stat.  06,  463  (1907). 
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From  the  results  Puchner  draws  the  conchision  that  as  the  mechan- 
ical separates  become  finer  the  content  of  silicic  acid,  soda,  and  potash 
diminishes.  On  the  contrary,  that  of  alumina,  iron,  manganese,  and 
humus  increases.  The  content  of  lime,  magnesia,  and  phosphoric 
acid  in  the  separates  is  irregular. 

Alway  and  McDale  ^  conclude  from  their  study  of  the  distribution 
of  carbonates  in  the  till  of  the  second  steppe  of  the  northern  Great 
Plains  region  that  the  carbonates  are  chiefly  present  in  the  grains  of 
intermediate  size;  i.  e.,  the  silt  particles  running  from  0.05  to  0.005 
mm.  in  diameter. 

Clerk,  Gortner,  and  Vail,^  working  upon  a  sample  of  bowlder  clay 
representing  the  upper  G  feet,  made  four  mechanical  fractions — sand, 
1.0  to  0.05  mm. ;  coarse  silt,  0.05  to  0.016  mm. ;  fine  silt,  0.016  to  0.005 
mm. ;  clay,  smaller  than  ,0.005  mm.  These  fractions  were  analyzed 
chemically  by  digestion  in  hydrochloric  acid  and  the  determination 
of  the  dissolved  substances. 

In  this  soil  the  lime,  as  carbonate  for  most  part,  formed  the  highest 
percentage  in  the  silts  and  least  in  the  clay ;  the  iron,  alumina,  soda, 
potash,  and  phosphoric  acid  were  in  greater  proportions  in  the  finer 
fractions;  the  silts  contained  the  highest  percentage  of  magnesia  and 
the  clay  the  next. 

In  addition  to  the  investigations  mentioned  above,  numerous  chem- 
ical and  mechanical  analyses  of  the  same  soil  have  been  made.  From 
the  published  results  of  this  work  one  could  make  comparisons  of  the 
total  percentages  of  the  several  chemical  elements  in  a  soil  with  its 
percentage  content  of  any  particular  mechanical  component.  For 
example,  it  could  be  determined  for  eacli  soil  whether  a  high  content 
of  calcium  goes  with  a  high  content  of  sand,  of  silt,  or  of  clay;  but 
since  the  investigators  themselves  did  not  study  these  relations,  such 
purely  physical  and  chemical  analyses  of  soils  have  not  been  included 
in  a  historical  review  of  the  literature  of  the  chemical  composition 
of  the  mechanical  separates  of  soils. 

«Am.  Chem.  Jour.,  87,  275  (1007). 

»Am.  Chem.  Jour.,  89,  163  (1908). 

Note. — Since  the  manuscript  for  this  bulletin  went  to  the  printer  a  report  of 
additional  work  along  the  line  of  this  investigation  has  come  to  hand: 

Atterberg  (Uuidw.  Vers.-Stat.,  69,  102,  1908),  working  uix)n  a  glacial  sand 
from  Kulltorp,  made  complete  analyses  of  the  six  groups  Into  which  he  sep- 
arated tlie  portion  l)etween  0.5  mm.  and  0.005  mm.  diameter.  In  the  table  of 
results  given  by  them  the  aluminum  is  a  nearly  constant  constituent;  there  Is 
an  increase  in  the  iiercentage  of  the  iron  and  the  calcium  as  the  size  of  the  par- 
ticles decreases  except  in  the  finest  portion — that  between  0.01  and  0.005  mm. — 
in  which  these  elements  decrease.  The  potassium  and  the  sodium  decrease  as 
the  particles  become  smaller. 
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Our  extensive  collection  of  soils  from  important  and  well-marked 
soil  types  enables  us  to  select  samples  fully  representative  of  the 
soils  of  the  country.  Accordingly,  agricultural  soils  of  known  char- 
acter were  selected  so  as  to  include  those  from  various  geographical 
sections  and  from  a  number  of  soil  provinces.  Thus  we  have  taken 
soils  from  the  Coastal  Plains,  the  Piedmont  region,  glacial  soils,  non- 
glaciated  soils  of  the  interior,  and  those  of  the  arid  region,  the  list 
comprising  27  soil  types.  These  soil  types  are  fully  described  in  the 
reports  of  the  Field  Operations  of  the  Bureau  of  Soils  and  in  the 
Soil  Survey  Field  Book,  but  since  these  publications  may  not  be 
easily  accessible  to  readers  of  this  bulletin,  the  several  types  analyzed 
are  described  briefly  in  the  proper  place.  The  samples  taken  for 
analysis  are  from  the  surface  soil,  but  the  field  characteristics  of  a  type, 
as  well  as  its  agricultural  value,  are  often  largely  dependent  upon 
the  subsoil.  The  subsoils,  therefore,  often  serve  to  differentiate  one 
soil  type  from  another.  The  characteristics  of  the  subsoil  should 
therefore  be  considered  an  essential  part  of  the  description  of  a 
soil  type.  In  view  of  these  facts  it  is  obvious  that  definite  conclu- 
sions regarding  the  productiveness  of  a  soil  can  not  be  made  from  a 
study  of  the  surface  soil  alone. 

Two  hundred  gram  composite  samples  of  the  several  soil  types  were 
separated  into  the  three  grades — ^sand,  silt,  and  clay.  In  making 
these  separations  the  whole  of  the  water  wa^?  poured  into  the  clay 
dish  and  evaporated  to  dryness.  Thus  any  material  which  dissolved 
in  the  repeated  treatment  of  the  soil  with  water  w*as  carried  into  the 
clay,  and  this  fact  must  be  considered  in  comparing  the  results  of  the 
analyses  of  the  separates. 

The  important  mineral  nutrients  only  were  determined;  that  is, 
phosphorus,  potassium,  calcium,  and  magnesium.  X  complete  anal- 
ysis of  the  soil  separates,  so  far  as  these  constituents  are  concerned, 
was  made  by  fusion  methods,  so  that  the  total  content  was  obtained, 
and  not  simply  that  which  would  have  been  extracted  by  treatment 
with  acid  of  some  conventional  concentration. 

In  the  tables  giving  the  results  of  the  analyses  the  figures  are  the 
percentages  of  the  respective  substances  in  the  ignited  separates, 
and  thus  free  from  organic  matter  and  water.  The  aim  has  been  to 
learn  the  composition  of  the  strictly  mineral  matter  of  the  soils.  It 
seems  safe  to  assert,  however,  that  were  calculations  made  on  the 
oven-dried  soils  there  would  merely  be  changes  in  percentages  and  no 
material  ones  in  the  order  of  these,  so  that  conclusions  based  upon 
them  would  be  consistent  with  those  based  upon  the  mineral  matter, 
as  here  given. 
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SOILS  OF  THE  COASTAL  PLAINS. 

The  Coastal  Plains  are  made  up  of  unconsolidated  gravels,  sands, 
silts,  and  clays  derived  in  most  part  from  the  erosion  of  the  Piedmont 
Plateau  and  other  inland  areas.  These  materials  were  mainly  de- 
posited on  the  then  ocean  floor  and  have  been  brought  to  their  present 
level  by  the  elevation  of  the  land  areas. 

The  character  of  the  soils  of  the  Coastal  Plains  in  a  broad  way, 
therefore,  depends  upon  that  of  the  rocks  and  soils  of  the  Piedmont 
Plateau,  but  they  are  modified  by  deposits  from  other  sources.  Thus 
in  the  northern  portions  glacial  material  is  mixed  to  some  extent  with 
the  debris  of  the  disintegrated  and  more  or  less  decomposed  rocks  of 
the  plateau.  Tn  some  instances,  streams* which  rise  far  inland  and 
drain  limestone  regions  have  brought  materials  not  common  to  most 
of  the  Coastal  Plains  soils.  While  the  soils  of  this  region  present 
many  diversities  among  themselves,  due  to  special  circumstances  af- 
fecting their  deposition  or  subsequent  history,  they  all  differ  much 
from  the  parent  rock  and  have  been  subjected  to  excessive  weathering 
and  leaching. 

In  studying  soils  and  the  results  of  their  analyses,  it  should  be  fully 
recognized  that  the  soil  as  now  found  is  a  distinct  product  or  entity. 
Simple  crushed  rock  represents  no  very  important  agricultural  soil. 
Plants  will  grow  in  certain  rock  powders  if  compounds  of  nitrogen  be 
present,  but  such  a  "  soil  "  is  nowhere  found  in  extensive  areas,  except 
possibly  as  subsoils,  and  some  subsoils  were  once  real  surface  soils. 
Unconsolidated  rock  material  should  be  called  rock  and  not  soil,  un- 
less it  has  been  subjected  to  the  processes  called  weathering,  with  all 
the  numerous  changes  implied  by  the  term,  including  those  produced 
by  high  and  low  forms  of  animal  and  plant  life.  The  soil  de- 
pends primarily,  in  the  sense  of  first  cause,  upon  the  rock  or  the  rocks 
from  which  it  originated.  As  a  first  step  in  soil  making,  the  rocks 
may  disintegrate  or  be  crushed  to  sand  or  dust.  Mechanical  agencies 
may  separate  the  pulverized  rocks  into  groups  according  to  size  of 
particles  and  deposit  them  as  beds  of  sand,  silt,  or  clay;  or  these 
may  remain  together,  giving  rise  to  loams.  Solution  and  hydration 
and  other  chemical  processes  may  effect  changes  which  in  some  cases 
leave  many  of  the  original  mineral  grains;  in  others,  the  changes 
may  be  so  profound  that  few  of  the  original  minerals  other  than 
quartz  remain.  The  latter  extreme  condition  is  less  common  than  is 
generally  supposed,  the  original  minerals,  though  undoubtedly  pres- 
ent, being  in  so  finely  divided  a  form  as  to  be  difficultly  recognized. 
Absorptions  taking  place  in  soils  and  other  facts  make  it  probable 
that  new  minerals  similar,  if  not  identical,  to  those  existing  in  rocks 
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are  formed  in  soils  in  minute  particles.  A  soil  will  then  be  best 
understood  when  all  the  factors  which  have  operated  to  produce  it 
are  known ;  that  is,  when  the  whole  history  of  the  formation  of  the 
soil  is  known.  This  must  often  be  inferred  from  the  present  charac- 
ter of  the  soil  and  the  geological  history  of  the  region.  From  these 
considerations  it  might  be  expected  that  soils  formed  in  one  general 
way,  as  the  Coastal  Plains  soils  have  been,  would  constitute  a  class 
by  themselves  and  differ  in  important  particulars  from  those  that 
have  had  an  entirely  different  history,  as  glacial  soils,  for  instance. 
This  subject  will  be  referred  to  again  in  comparing  groups  of  soils 
after  the  analytical  data  have  been  given. 

The  Coastal  Plains  soils  are  mostly  light;  sands  and  light  sandy 
loams  predominating.  Those  selected  for  our  work  are  the  CoUing- 
ton  sandy  loam  from  New  Jersey;  Norfolk  sand,  Norfolk  loam, 
and  Leonardtown  loam  from  Maryland;  Orangeburg  sandy  loam 
from  Alabama ;  Crowley  silt  loam  from  Louisiana ;  Orangeburg  ifine 
sandy  loam  from  Texas. 

Collington  sandy  loam. — The  sample  analyzed  is  from  the  Salem 
area,  New  Jersey,  surveyed  in  1901.  The  soil  is  a  loose,  coarse,  sandy 
loam.  It  is  of  a  brown  color  and  frequently  contains  considerable 
amounts  of  gravel.  It  has  resulted  from  the  weathering  of  the 
greensand,  or  glauconite,  of  New  Jersey.  The  subsoil,  which  comes 
within  6  or  8  inches  of  the  surface,  is  a  sticky,  tenacious,  claylike 
material,  yellowish  or  greenish  in  color.  Owing  to  its  relations  to  the 
greensand  deposits,  this  type  differs  from  the  other  Coastal  Plains 
soils. 

Norfolk  sand, — ^The  sample  of  this  type  analyzed  is  from  Prince 
George  County,  Md.  The  area  was  surveyed  in  1900.  This  is  a 
coarse  to  medium  orange  or  yellow  sand,  having  a  depth  of  about 
10  inches.  The  subsoil  is  coarse  to  medium,  becoming  loamy  at  about 
3  feet.  It  is  a  common  type  of  soil  in  the  Atlantic  and  Gulf  Coastal 
Plains.    The  surface  is  level  to  rolling  and  the  soil  is  well  drained. 

Norfolk  loam. — The  soil  is  from  the  Worcester  County  area,  Mary- 
land, surveyed  in  1903,  and  was  mapped  as  Sassafras  sandy  loam. 
This  soil  is  a  mellow  brown  sandy  loam  to  a  depth  of  about  9  inches. 
The  subsoil  to  36  inches  is  a  medium  to  heavy  loam,  which  is  often 
underlain  by  fine  yellow  sand.  In  the  area  from  which  the  samples 
were  taken  it  has  a  slight  elevation  and  is  gently  rolling.  It  is  usually 
well  drained. 

Leonardtown  loam. — ^The  samples  used  w^ere  collected  in  the  soil 
survey  of  St.  Mary  County,  Md.,  1900.  The  soil  of  this  type  con- 
sists of  a  yellow  silty  loam,  fine  and  powdery  when  dry,  but  puddling 
to  a  plastic  mass  when  thoi-oughly  wet.    The  subsoil  consists  of  a 
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brittle  mass  of  interlocking  clay  lenses,  lumps,  and  fragments,  sepa- 
rated by  seams  and  pockets  of  medium  to  fine  sand.  This  subsoil  is 
as  impervious  as  clay,  owing  to  its  peculiar  shinglelike  structure.  It 
is  an  upland  soil  and  is  generally  slightly  rolling. 

Orangeburg  sandy  loavu — Samples  analyzed  are  from  Montgomery 
County,  Ala.,  surveyed  in  1905.  This  soil,  locally  called  "  red 
lands,"  is  a  brown  to  reddish-brown  light  sandy  loam,  4  to  15  inches 
deep,  resting  on  a  friable  brick-red  sandy  clay  subsoil.  The  surface 
is  rolling.  It  is  generally  well  drained,  although  there  is  a  tendency 
to  form  a  "  plowsole  "  or  "  hardpan." 

Crowley  silt  loam. — The  samples  used  were  taken  from  samples  of 
soil  collected  in  the  survey  of  Acadia  Parish,  La.,  1903.  This  type  is 
of  variable  depth,  but  usually  has  a  surface  soil  of  about  16  inches. 
It  is  of  a  brown  color  when  wet,  but  ash  gray  when  dry.  It  is  com- 
posed of  fine  sand  and  silt,  with  sufficient  clay  to  render  it  rather 
impervious.  If  stirred  when  wet  it  puddles  somewhat.  This  soil 
is  underlain  by  a  clay  of  mottled  brown  and  yellow  color,  with  brick- 
red  streaks  and  blotches.  The  subsoil  is  highly  impervious  and  the 
surface  level,  so  that  the  soil  has  very  poor  drainage.  The  samples 
analyzed  are  from  level  prairies  in  southern  Louisiana. 

Orangeburg  fne  sandy  loam, — The  samples  used  came  from  the 
Nacogdoches  area,  Texas,  survey  of  1903.  This  soil  varies  in  color, 
being  red,  brown,  or  gray.  It  is  a  light  sandy  loam,  generally  carry- 
ing iron  concretions.  The  subsoil  is  a  red,  friable,  sandy  clay.  The 
type  occupies  the  upland  and  has  good  natural  drainage. 

The  percentage  of  the  several  mechanical  constituents — ^sand,  silt, 
and  clay — contained  in  the  soils  is  given  in  Table  V.  The  results  of 
the  chemical  analyses  of  the  mechanical  separates  for  phosphoric 
acid,  lime,  magnesia,  and  potash  are  given  in  Tables  VI  and  VII.  In 
Table  VI  the  figures  express  percentages  of  the  separates;  in  Table 
VII  the  percentages  are  calculated  on  the  whole  soil,  so  that  the  fig- 
ures show  what  percentage  the  constituent  in  a  separate  is  of  the  soil 
of  which  the  separate  is  a  part. 

An  inspection  of  Table  VI  shows  that  the  elements  determined — 
phosphorus,  calcium,  magnesium,  and  potassium — are  more  abundant 
in  the  finer  particles  of  these  old  soils — old  in  the  sense  of  having 
passed  through  and  being  the  result  of  all  the  stages  of  soil  for- 
mation. 

As  shown  in  Table  VII,  the  coarse  particles  often  contain  abso- 
lutely more  of  the  elements  than  the  finer  portions,  but  this,  of  course, 
is  due  to  the  presence  in  the  soil  of  a  much  greater  percentage  of 
these  large  particles. 
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Table  V. — Mechanical  composition  of  the  Coastal  Plains  soUs, 


Soil  tjrpe  and  location. 


CoUinRton  sandy  loam.  New  Jersey 

Norfolk  sand,  Maryland 

Norfolk  loam,  Maryland 

Leonardtown  loam.  Maryland 

Orangeburg  sandy  loam,  Alabama. 

Crowley  silt  loam,  Louisiana 

Omngeburg  fine  sandy  loam.  Texas 


2  to  0.05 

0.05  to 

0.005  too 

mm. 

€.005  mm. 

mm. 

(sand). 

(silt). 

(clay). 

Percent. 

Percent. 

Percent. 

78.6 

14 

6.5 

85.6 

10 

4 

64.6 

25.5 

9 

29.5 

56 

16 

71 

16 

12 

15 

69 

26 

69 

22 

9 

Table  VI. — Partial  chemical  composition  of  the  separates  of  the  Coastal  Plains 

soils. 


Soil  type  and  location. 

PaOft. 

CaO. 

MgO. 

KsO. 

Sand. 

P.ct. 

0.01 
.01 
.01 

.01 

.01 

.06 

.07 

Silt. 

Clay. 

Sand. 

P.ct. 

0.06 
.07 
.09 

.04 

.08 

Silt. 

Clay. 

P.ct. 
0.40 

Sand. 

Silt. 

P.d. 
0.22 

Clay. 

Sand. 

Silt. 

Clay. 

P.d. 
2.26 

Collington  sandy  loam. 
New  Jersey 

P.d. 

0.09 
.10 
.06 

.02 

.21 

.08 

.12 

P.CL 

0.18 

.94 

.42 

.03 
.21 
.82 
.86 

P.ct. 

0.30 
.27 
.23 

.06 

.19 

P.ct. 
0.18 

P.d. 

0.66 
.48 
.48 

.87 

.14 

.97 

.70 

P.d. 

0.49 
.33 
.44 

.56 

.05 

.61 

p.d. 
1.86 

Norfolk  sand,  Maryland . . 
Norfolk  loam,  Maryland.. 
Leonardtown  loam,  Mary- 
land   

.98 
1.30 

.13 

.24 

.29 

.54 

.19 
.02 

.07 

.11 
.19 

.25 

2.38 
1.49 

L20 

2.85 
L89 

1.88 

Orangeburg  sandy  loam, 
Alabama 

.01  1    .11 
.09       .06 
.04       .06 

.96       1.48 

Crowley  silt  loam,  Loul.si- 
ana 

.11       .16 
.IC  1    .09 

.80       1-47 

Orangeburg    fine    sandy 
loam.  Texas 

1 
.21  1     .66  !     l.fiO 

Table  VII. — The  content  of  the  separates  of  the  Coastal  Plains  soils  calculated 

on  the  whole  soil. 


Soil  type  and  location. 

P«05. 

CaO. 

MgO. 

K,0. 

Sand. 

P.ct. 

0.01 
.01 
.01 

.01 

.01 

Silt. 

Clay. 

P.d. 

0.01 
.04 
.04 

.01 

.02 

.08 

.03 

Sand. 

Silt. 

Clay. 

P.d. 

0.03 
.04 
.12 

.02 

.03 

.07 

.06 

Sand. 

P.d. 

0.06 
.16 
.01 

.02 

.01 

.01 

.03 

Silt. 

P.d. 

0.03 
.01 
.06 

.14 

.02 

.08 

.01 

Clay 

P.d. 

0.04 
.02 
.04 

.13 

.02 

.26 

.06 

Sand. 

Silt. 

Clay. 

Collington   sandy  loam. 
New  Jersey 

P.d. 

0.01 
.01 
.02 

.01 

.03 

P.d. 

0.05 
.06 
.06 

.01 

.02 

.02 

.07 

P.d. 

0.04 
.03 
.06 

.04 

.03 

.10 

.02 

P.d. 

0.38 
.28 
.28 

.17 

.04 

.07 

.14 

P.d. 

0.26 
.23 
.38 

.66 

.07 

.48 

.16 

P.d. 
0.16 

Norfolk  sand,  Maryland.. 

Norfolk  loam,  Maryland.. 

Leonardtown  loam.  Mary- 
land   

Orangeburg  sandy  loam, 
Alabama 

.09 
.18 

.28 

.17 

Crowley  silt  loam,  Lousl- 
ana 

Orangeburg   fine   sandy 
loam,  Texas 

.01 
.06 

.06 
.03 

.87 
.18 

SOILS  FROM    CRYSTALLINE   AND   METAMORPHIC   ROCKS. 

Three  soils,  not  of  glacial  origin,  formed  from  crystalline  and 
metamorphic  rocks,  were  selected  for  this  work — Chester  mica  loam 
(Maryland),  Porters  black  loam  (Virginia),  and  Ocil  clay  (North 
Carolina.) 

Chester  mica  loam. — Described  as  Cecil  mica  loam  in  the  report 
of  the  Soil  Survey  of  Harford  County,  Md.,  1901.  This  soil,  as  its 
name  indicates,  is  characterized  by  a  great  quantity  of  micaceous 
particles.    It  is  derived  from  granites,  gneisses,  and  other  micaceous 
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rocks  over  which  the  type  lies.  It  is  strictly  a  residual  soil  and  con- 
sists of  a  brownish  loam  10  to  16  inches  deep,  underlain  by  a  lighter 
colored,  heavier  loam,  also  containing  mica.  The  surface  varies  from 
gently  rolling  to  somewhat  hilly. 

Porters  black  loam. — The  sample  analyzed  was  collected  in  the  soil 
survey  of  the  Albemarle  area,  Virginia,  1902.  The  soil  of  this  type 
is  a  loose,  mellow  black  loam,  averaging  about  12  inches  deep.  The 
subsoil  is  slightly  heavier  and  of  a  light-brown  to  yellowish  color. 
In  depressions  and  coves,  where  wash  from  the  higher  ground  has 
accumulated,  there  is  no  sharp  distinction  between  soil  and  subsoil, 
the  loose  black  loam  being  several  feet  deep.  Both  soil  and  subsoil 
contain  fragments  of  the  rocks  whose  decomposition  has  formed  the 
soil — ^granites,  gneisses,  and  schists.  This  type  occurs  principally  in 
the  coves  of  the  Blue  Ridge  Mountains,  but  is  also  found  upon  the 
tops  and  upper  slopes. 

Cecil  clay, — The  samples  of  this  type  were  collected  near  States- 
ville,  N.  C,  in  the  survey  of  that  area  in  1901.  This  type  is  found  on 
uplands,  gentle  slopes,  and  rolling  lands  of  the  Piedmont  Plateau. 
The  Cecil  clay  is  a  residual  soil,  resulting  from  the  disintegration  of  a 
number  of  rocks,  differing  in  mineralogical  characters.  Granites, 
gneisses,  schists,  and  other  somewhat  similar  rocks  have  contributed 
to  the  formation  of  this  type,  and  so  thorough  have  been  the  dis- 
integration and  decomposition  that  the  same  red  clay  results 
from  all.  There  is  such  a  gradual  change  from  soil  to  the  parent 
rock  that  there  is  generally  no  sharp  line  between  the  two.  The  soil 
consists  of  a  heavy  red  loam,  containing  many  sand  grains  of  the 
original  minerals  forming  the  rocks  from  which  the  soil  is  derived. 
It  is  shallow,  averaging  about  5  inches.  The  subsoil  is  a  stiff,*  tena- 
cious red  clay  to  a  depth  of  3  or  more  feet.  It  becomes  heavier  at 
greater  depths.  Natural  drainage  is  fairly  good,  probably  due  to 
the  sand  and  rock  fragments  contained  in  soil  and  subsoil. 

The  mechanical  composition  and  the  results  of  the  analyses  of  the 
separates  of  these  soils  are  given  in  Tables  VIII,  IX,  and  X. 

With  few  exceptions  the  percentage  of  the  several  mineral  plant- 
food  constituents  increases  as  the  size  of  the  particles  of  the  separates 
decreases.  Chester  mica  loam,  however,  which  contains  many  mica- 
ceous scales,  shows  a  nearly  constant  percentage  content  of  lime  and 
magnesia  in  its  separates,  while  Cecil  clay  shows  the  reverse  order  as 
to  the  potash  content,  the  sand  being  richest  in  potash,  the  silt  slightly 
poorer,  and  the  clay  decidedly  the  poorest  of  the  three.  While  there 
are  some  notable  exceptions,  the  absolute  quantities  are  generally 
fairly  evenly  distributed  in  the  mechanical  components  of  these  soils, 
as  shown  in  Table  X. 
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Table  VIII. — Mechanical  composition  of  the  residual  soils  formed  from  crystal- 
line and  mctamorphic  rocks. 


Soil  type  and  location. 


Chester  mica  loam,  Maryland 
Porters  black  loam.  Virginia. 
Cecil  clay,  North  Carolina... 


2  to  0.05 

mm. 
(sand). 


0.05  to 

O.U05mm. 

(aUt). 


Percent. 
86 
68 
58 


aoo6too 

mm. 
(clay). 


Per  edit. 
88 
28 
17 


Percent. 
80 
24 
24 


Table  IX. — Partial  chemical  comptysition  of  the  separates  of  soils  formed  from 

crystalline  and  metatnorphic  rocks. 


Soil  type  and  location. 

PjOft.           1            CaO. 

MgO. 

K«0. 

Sand. 

Silt. 

Clay.'Sand. 

Silt. 

Clay. 

Sand. 

Silt. 

Clay. 

Sand. 

Silt 

Clay. 

Chester  mica  loam,  Mary- 
land   

P.et. 
0.04 

.15 
.08 

P.et. 
0.06 

.53 
.06 

P.et. 
0.88 

1.86 
.32 

P.cL 

0.22 

* 

P.et. 
0.24 

P.et. 
0.28 

2.80 
.28 

P.et. 
0.96 

.83 
.16 

P.et. 
0.81 

1.37 
.40 

P.eL 
0.88 

2.28 
.56 

P.et. 
1.44 

1.86 
1.49 

P.et. 
2.56 

8.10 
1.46 

P.et. 
2.56 

Porters  black  loam,  Vir- 
grinia 

1.20     2.07 

5.06 

Cecil  clay,  North  Carolina. 

.08 

.15 

.97 

Table  X — Content  of  the  separates  of  residual  soils  from  crystalline  and  mcta- 
morphic rocks,  calculated  on  the  whole  soil. 


Soil  type  and  location. 

PjOft.            ]            CaO.                       MgO. 

K^. 

Clay. 

Sand. 

Silt. 

Clay. 

Sand. 

Silt. 

Clay.  Sand. 

Silt. 

P.ei. 
0.26 

.81 
.07 

Clay. 

Sand.l  Silt. 

Chester  mica  loam,  Mary- 
land 

P.et. 
0.01 

.08 
.02 

P.eL 
0.02 

.12 
.01 

P.rt. 
0.08 

.38 
.08 

P.eL 
0.08 

.64 
.05 

P.  a. 

0.07 

.47 
.08 

P.ei. 
0.07 

.55 
.06 

P.d. 
0.84 

.17 
.09 

P.eL 
0.28 

.55 
.18 

P.eL 
0.61 

.99 

.87 

P.d. 
0.79 

.70 
.26 

P.et. 
0.68 

Porters  black  loam,  Vir- 
ginia   

1.21 

Cecil  clay.  North  Carolina. 

.24 

SOILS  OF  glacial;  origin. 

The  group  of  soils  of  glacial  origin  includes  soils  formed  from 
material  deposited  by  glaciers  or  this  material  somewhat  reworked 
by  water,  and  also  loessial  soils,  consisting  largely  of  particles  the 
size  of  silt,  which  have  been  carried  from  other  glacial  areas  and 
deposited  over  the  underlying  material.  The  transporting  agents  in 
this  case  were  wind  and  water. 

The  mechanical  composition  is  given  in  Table  XI ;  the  results  of  the 
chemical  examination  are  given  in  Tables  XII  and  XIII,  calculated 
as  before  upon  the  separates  and  the  soils,  respectively. 

Podunk  fine  8andy  loam. — The  sample  for  analysis  was  taken  from 
a  large  sample  from  a  very  sandy  phase  of  the  type  found  in  the 
Connecticut  Valley.  The  area  was  surveyed  in  1903.  This  is  an 
alluvial  soil,  formed  by  the  reworking  by  running  water  of  glaciated 
granites,  gneisses,  and  schists.  It  contains  an  abundance  of. mica- 
ceous mineral  particles  visible  to  the  eye.  It  is  underlain  by  fine 
sand.    The  soil  is  of  a  dark-brown  color  and  is  well  drained.    The 
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tobacco  field  from  which  the  sample  came  had  been  heavily  fertilized 
for  years. 

Mia^ni  sand. — From  the  Toledo  area,  Ohio,  surveyed  in  1902.  The 
soil  is  a  coarse  to  medium  loose  and  deep  yellowish  sand.  It  is  under- 
lain by  a  yellow  sand  of  about  the  same  texture.  It  is  level  to  rolling 
and  consists  of  glacial  material  somewhat  modified  by  wind  action. 
It  occupies  elevated  positions  and  is  well  drained. 

Wabdsh  loam, — Described  as  Miami  loam  in  the  Report  of  the 
Soil  Survey  of  the  Toledo  Area,  Ohio,  1902.  This  is  a  dark-brown  to 
black  soil  of  good  depth,  and  containing  a  small  proportion  of  the 
coarser  grades  of  sand.  The  subsoil  is  a  heavy  brownish-yellow  loam 
overlying  a  fine  gi'avelly  loam.  It  is  a  bottom  land,  frequently  oc- 
curring as  terraces.  It  is  generally  well  drained.  It  consists  of 
glacial  drift  redeposited  by  stream  action. 

Volusia  silt  loam, — The  sample  for  analysis  was  collected  in  the 
soil  survey  of  the  Wooster  area,  Ohio,  1904.  This  soil  is  a  gray  to 
brown  silty  loam  with  an  average  depth  of  8  inches.  The  subsoil  is 
a  light-yellow  silty  loam,  mottled  with  gray  in  its  lower  portions.  It 
has  resulted  in  most  part  from  the  glaciation  of  shales.  Its  mechan- 
ical constituents  closelv  resemble  in  size  those  of  the  soils  derived  from 
the  loess,  being  composed  largely  of  silt.  This  is  doubtless  due  to  the 
silt  in  the  shales  from  which  this  soil  type  comes  in  large  part. 

Marshall  loam. — From  samples  of  this  type  collected  during  the 
survey  of  the  Marshall  area,  Minnesota,  1903.  The  surface  soil  is  a 
somewhat  heavy  loam  from  10  to  12  inches  in  depth  and  of  a  dark- 
brown  color.  Under  this  is  a  stiff,  sticky  yellow  subsoil  to  a  depth 
of  about  3  feet.  Below  this  is  a  stiff  bowlder  clav,  mottled  vellow 
and  gray.  The  type  is  generally  rolling  and  well  drained.  Bowlders 
and  glacial  gravel  occur  to  some  extent  over  this  soil. 

Aliami  silt  loam. — Described  as  Edgerton  silt  loam  in  the  Report 
of  the  Soil  Survey  of  the  Janesville  Area,  Wisconsin,  1902.  The 
soil  is  a  very  silty  loam,  light  brown  when  wet  and  light  gray  when 
dry.  Its  depth  is  about  8  inches.  It  is  underlain  by  several  feet  of 
stiff,  yellow,  silty  clay  that  is  always  mottled  with  gray,  showing 
poor  drainage  and  aeration.  This  type  originally  consisted  mainly 
of  timber  lands  and  oak  openings. 

Mai'shall  silt  loavi. — Described  as  Janesville  silt  loam  in  the  Report 
of  the  Janesville  Area,  Wisconsin,  1902.  The  soil  is  a  mealy,  chocolate- 
colored  silt  loam  with  a  dark-brown  tint  when  moist.  It  contains  a 
large  amount  of  silt  and  becomes  somewhat  sticky  when  wet.  It 
is  about  10  inches  deep.  The  subsoil  is  a  sticky,  reddish-yellow  silty 
clay,  about  3  feet  deep,  and  rests  upon  a  glacial  gravel  or  the  disin- 
tegrating limestone  of  the  region.  The  soil  probably  owes  some  of 
its  distinguishing  characteristics  to  the  influence  of  this  limestone. 
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The  type  is  rolling  and  well  drained.  It  was  originally  covered  with 
the  prairie  grasses  of  the  region. 

Marshall  hlack  clay  loam. — Samples  collected  in  the  survey  of  Mc- 
Lean County,  111.,  1903.  This  soil  is  a  heavy,  somewhat  sticky  gran- 
ular clay  loam,  containing  a  large  percentage  of  silt  and  organic 
matter  It  has  a  depth  of  about  18  inches.  The  subsoil  is  a  mottled 
yellow  or  drab-colored  sticky,  silty  clay.  This  soil  type  has  formed 
where  the  natural  drainage  was  poor.  The  surface  is  level.  In  its 
original  condition  it  was  wet  and  swampy  and  required  thorough 
drainage. 

Marion  silt  loam. — Samples  from  Clay  County,  111.  The  area 
was  surveyed  in  1902.  The  Marion  silt  loam  consists  of  a  light- 
brown  to  whitish  very  silty  loam,  containing  very  little  organic 
matter.  Its  depth  averages  12  inches.  The  soil  cakes  on  drying, 
but  breaks  down  into  flour-like  dust  when  pulverized.  The  subsoil 
is  heavier  and  contains  more  clay.  It  is  so  impervious  to  water 
as  to  be  locally  called  hardpan.  The  lower  subsoil  is  a  hard,  silty, 
mottled  yellow  clay,  often  containing  iron  concretions.  Below  4  or 
5  feet  more  or  less  glacial  gravel  is  found.  The  type  is  level  or 
slightly  rolling.  The  soil  has  very  poor  natural  drainage,  owing  to 
the  rather  impervious  subsoil  and  the  level  surface.  While  of  loessial 
origin,  this  soil  has  been  largely  formed  from  sandstones  and  shales 
ground  up  by  glaciers. 

Shelby  silt  loam. — The  sample  analyzed  was  collected  in  the  soil 
survey  of  Shelby  County,  Mo.,  1903.  The  Shelby  silt  loam  is  a 
silty  soil  of  medium  depth  and  of  a  light-gray  color  when  dry ;  dark 
gray  when  wet.  It  grades  into  a  stiflF,  impervious  silty  clay,  plastic 
and  waxy  when  wet,  friable  and  loamy  when  dry.  The  subsoil  is 
a  dark  mottled  clay.  It  is  level  or  gently  rolling.  The  original 
growth  on  this  type  of  soil  was  the  prairie  grasses. 

Table  XI. — Mechanical  composition  of  the  glacial  soils. 


Soil  type  and  location. 


Poflunk  fine  sandy  loam,  Connecticut 

Miami  sand,  Ohio 

Wabash  loam,  Ohio 

VoIuHia  silt  loam,  Ohio 

Marshall  loam,  Minnesota 

Miami  silt  loam,  Wisconsin 

Marshall  silt  loam,  Wisconsin 

Marshall  black  clay  loam,  Illinois 

Marion  silt  loam,  Illinois 

Shelby  silt  loam,  Missouri 


2  to  0.05 

0.05  to 

mm. 

0.005  mm. 

(sand). 

(silt). 

Per  cent. 

Percent, 

80.6 

18 

91.5 

5.5 

50.5 

88 

17 

64 

48 

88 

14 

72 

12 

70 

21.5 

57.6 

13 

69 

7 

74 

0.005  too 

mm. 

(clay). 

Percent, 
2 

3.5 
12 
19 
13 
14 
17 
20 
18 
19 
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Table  XII. — Partial  chemical  composition  of  separates  of  the  glacial  soils. 


8oil  type  and  location. 

Sand. 

P.05. 

CaO. 

MgO. 

KcO. 

Silt. 

Clay. 

Sand.|  Silt. 

Clay. 

Sand.  Silt. 

Clay. 

Sand. 

Silt. 

Clay. 

Podunk  fine  sandy  loam, 
Connecticut .' 

P.ct. 

0.12 
.21 
.11 
.09 
.18 

.12 

.13 

.31 
.06 
.19 

P.ct. 

0.81 
.51 
.19 
.09 
.19 

.19 

.24 

.82 
.08 
.16 

P.ct. 

8.86 

1.52 

.40 

.46 

.37 

.56 

.52 

.56 
.85 
.49 

P.ct. 
2.85 

.83 
1.56 

.43 
1.63 

.91 

.76 

8.17 
.38 
.41 

P.ct. 
1.89 
2.59 
1.56 
.80 
1.63 

.83 

.81 

2.60 
.51 
.44 

P.ct. 
6.22 
2.12 
8.98 
.48 
4.02 

1.37 

1.20 

6.53 

.88 
1.14 

P.ct. 
1.10 

P.ct. 
1.89 

P.ct. 
8.96 

P.ct. 

0.74 

P.ct. 
8.74 
2.44 
2.90 
2.16 
1.71 

2.44 

2.41 

2.89 
1.44 
1.87 

P.ct. 
4.70 

Miami  sand.  Ohio 

.34 
.42 
.87 
.61 

.67 

.46 

1.26 
.10 
.13 

1.21 

1.07 

.37 

1.30 

.50 

.75 

1.29 
.14 
.25 

.75     1.89 
1.74     2.24 
1.41     2.11 
1.73     1.97 

1.73     2.07 

1.68  1  1.78 

8.98 

Wabash  loam,  Ohio 

Volusia  silt  loam,  Ohio . . . 
Marshall  loam,  Minnesota. 
Miami  silt  loam,  Wi.icon- 
pin 

4.18 
2.96 
1.02 

8.73 

Marshall  silt  loam,  Wis- 
connin 

8.32 

Marshall  black  clay  loam, 
Illinois 

2.79 

1.99 

2.54 

Marion  nilt  loam,  Illinois. 
Shelby  silt  loam,  Missouri. 

.99 
1.20 

.94 
1.50 

2.07 
2.26 

Table  XIII. — Content  of  the  separates  of  the  glacial  soils  calculated  to  per- 
centages of  the  whole  soil. 


Soil  type  and  location. 

PfO^ 

CaO. 

MgO. 

KsO. 

Sand. 

Silt. 

Clay. 

Sand. 

Silt. 

Clay. 

P.d. 

0.12 
.07 
.48 
.08 

.61 

.19 

.20 

1.11 
.16 
.22 

Sand. 

Silt. 

Clay. 

P.d. 

0.08 
.08 
.21 
.27 

.22 

.24 

.29 

.56 
.18 
.23 

Sand. 

Silt. 

Clay. 

Podunk  fine  sandy  loam, 
Connecticut 

P.ct. 

0.10 
.19 
.06 
.02 

.09 

.02 

.02 

.07 
.01 
.01 

P.ct. 

0.05 
.08 
.07 
.06 

.07 

.14 

.17 

.18 
.05 
.12 

P.ct. 

0.07 
.06 
.06 
.09 

.06 

.08 

.09 

.11 
.06 
.09 

P.d. 
1.89 

P.d. 

P.ct. 

0.89 
.81 
.21 
.06 

.29 

.08 

.06 

.27 
.01 
.01 

P.d. 

0.83 
.07 
.41 
.21 

.49 

.86 

.52 

.74 
.10 
.19 

P.ct. 
0.60 
1.73 
1.13 
.36 

.89 

.28 

.21 

.43 
.12 
.11 

P.d. 

0.66 

.13 

1.10 

1.38 

.64 

1.76 

1.69 

1.37 
1.00 
1.38 

P.d. 
0.09 

Miami  sand.  Ohio 

.76       -14 

.14 

Wabash  loam.  Ohio 

Volusia  silt  loam,  Ohio 

Marshall    loam.    Minne- 
sota   

.79 
.07 

.78 

.59 
.19 

.68 

.50 
.66 

.18 

Miami  silt  loam.  Wiscon- 
sin   

.12 
.09 
.68 

.60 

.67 

1.44 

.53 

Marshall  silt  loam,  Wis- 
consin   

.66 

Marshall  black  clay  loam, 
Illinois 

,51 

Marion  silt  loam,  Illinois. . 
Shelby  silt  loam,  Missouri. 

.05 
.03 

.85 
.88 

.87 
.48 

In  general,  the  finer  separates  of  the  soils  of  this  group  contain 
the  greater  percentages  of  the  several  elements  determined.  The 
Marshall  loam  and  the  Volusia  silt  loam  depart  most  widely  from  this 
rule,  but  several  others  do  not  strictly  conform  to  it.  The  extreme 
proportionate  richness  of  the  clay  of  the  Podunk  fine  sandy  loam  may 
have  some  connection  with  the  great  quantity  of  fertilizers  that  have 
been  applied  in  the  growing  of  tobacco  on  the  field  from  which  the 
sample  w^as  taken. 

As  to  total  content  of  the  elements  in  the  several  separates,  this 
is  generally  determined  by  the  relative  quantity  of  the  separates  in 
the  soil.  Thus  in  the  soils  consisting  largely  of  silt,  a  large  part  of 
the  phosphorus,  calcium,  magnesium,  and  potassium  is  contained  in 
the  silt.  In  the  soils  consisting  largely  of  sand,  the  plant-food  con- 
stituents are  found  in  greatest  quantity  in  the  sand.  As  shown  in 
Table  XIII,  the  silt  of  Miami  silt  loam  and  of  Marshall  silt  loam 
contains  much  more  phosphate,  lime,  magnesia,  and  potash  than  is 
contained  in  the  sand  and  clay  combined.  The  sand  of  the  Miami 
sand  contains  more  of  these  elements  than  the  combined  content  of 
the  silt  and  the  clay. 
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SOILS    DERIVED    FROM    LIMESTONES    AND    SHALES. 

Five  soils  formed  from  limestones  and  shales  without  glacial 
agency  are  included  in  this  comparison — Oswego  silt  loam  from 
ICansas;  Wabash  silt  loam,  Kansas;  Hagerstown  loam,  Tennessee; 
Hagerstown  clay,  Kentucky ;  Houston  clay,  Alabama. 

Oswego  silt  loam. — ^Described  as  Oswego  loam  in  the  report  of  soil 
survey  of  Parsons  area,  Kansas,  1903.  This  soil  consists  of  a  dark 
gray  silty  loam,  varying  from  very  shallow  to  10  inches  deep,  which 
grades  into  a  stiff  clay,  becoming  more  impervious  with  depth.  It 
becomes  hard  and  compact  on  drying,  but  it  is  easily  broken  up  into 
a  mellow  loam  if  plowed  when  in  proper  condition  of  moisture. 
This  is  an  upland  type  and  occupies  gently  rolling  prairies.  Owing 
to  the  topography  of  the  country,  the  type  has  good  surface  drainage. 
The  Oswego  silt  loam  is  derived  from  the  weathering  of  the  under- 
lying rock,  this  usually  being  shales,  with  occasional  interbedded  lay- 
ers of  sandstone  and  limestone. 

Wabash  silt  loam, — ^The  sample  analyzed  is  from  Riley  County, 
Kans.  The  area  was  surveyed  in  1906.  The  soil  varies  from  12  to 
24  inches  in  depth  and  consists  of  a  dark-brown  to  black  heavy  silt 
loam.  It  is  easily  cultivated  and  readily  kept  in  good  tilth.  The 
subsoil  consists  of  a  compact  and  rather  heavy  brown  or  yellowish 
silt  loam.  It  occurs  as  long,  narrow  tracts  in  the  creek  valleys  and 
along  the  outer  edges  of  the  river  valleys.  The  type  occupies  a 
rather  low  position  in  stream  valleys  and  on  gentle  slopes.  Its.  sur- 
face is  nearly  level  or  gently  sloping.  It  forms  first  bottoms  of 
smaller  streams  and  second  bottoms  of  larger  ones.  It  is  well  drained 
naturally.  The  type  has  been  deposited  by  water,  the  surface  consist- 
ing largely  of  material  washed  from  the  surrounding  hills,  which 
are  made  up  of  shales  and  limestones.  This  wash  from  the  hills  is 
continually  adding  to  the  type. 

Hagerstown  loam, — Sample  collected  in  the  soil  survey  of  the  Pike- 
ville  area,  Tennessee,  1903.  This  soil  consists  of  brown  or  vellowish- 
brown  mellow  loam  from  9  to  12  inches  deep.  It  is  underlain  by  a 
yellow  to  reddish-yellow  stiff  loam  or  light  clay  loam,  which  becomes 
a  more  pronounced  red  with  depth.  Traces  of  chert  are  found -in 
both  soil  and  subsoil.  This  type  was  formed  by  the  slow  weathering 
of  limestones.  In  this  soil  the  weathering  has  been  so  complete  and 
the  leaching  so  excessive  that  the  lime  of  the  disintegrated  stone  has 
been  largely  washed  from  the  soil.  The  type  has  a  moderately  roll- 
ing surface  and  has  good  surface  drainage,  but  the  subsoil  is  rather 
impervious.  The  underlying  limestone  comes  near  the  surface  in 
some  places,  owing  to  erosion. 

Hagerstown  clay, — The  sample  analyzed  was  collected  in  the  soil 
survey  of  Scott  County,  Ky.,  1903,    This  soil  has  a  heavy  texture 
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and  varies  from  3  to  12  inches  in  depth.  It  is  yellow  or  brown  in 
color.  The  subsoil  is  a  heavy  yellow  clay,  extending  to  a  depth  of 
3  or  more  feet.  This  soil  type  is  derived  from  limestones  and  shales. 
These  rocks  offer  considerable  resistance  to  disintegration,  and  the  soil 
may  therefore  be  more  thoroughly  leached  than  would  be  the  case  were 
the  rocks  more  readily  decomposed.  The  surface  is  rather  rough, 
rounded  hills  being  dominant  features.  Surface  washing  has  been 
great,  and  the  soil  is  generally  shallow,  the  depth  depending  on  its 
position.  This  is  a  residual  soil,  being  formed  from  the  breaking 
down  in  place  of  the  underlying  limestones  and  shales. 

Houston  clay. — The  sample  is  from  Dallas  County,  Ala.  The  area 
was  surveyed  in  1905.  Although  this  type  is  really  a  Coastal  Plains 
soil  in  so  far  as  its  mode  of  occurrence  is  concerned,  it  is  here  grouped 
with  the  limestone  soils.  It  has  resulted  from  the  weathering  of 
rotten  limestones  or  chalks  of  Cretaceous  time.  Owing  to  its  prox- 
imity to  the  soft  and  easily  broken  down  lime  rock,  this  soil  is  highly 
calcareous,  and  often  contains  lime  concretions,  especially  in  the  sub- 
soil. It  may  be  considered  to  be  of  comparatively  recent  origin  and 
as  a  residual  Coastal  Plains  soil.  The  soil  is  a  gray,  brown,  or  black 
loamy  clay,  6  inches  deep.  This  is  underlain  with  3  or  more  feet  of 
heavy  gray  or  mottled  yellow  clay.  The  surface  is  gently  rolling  and 
the  drainage  very  good.  Agriculturally  the  soil  is  lighter  than  would 
be  expected  from  its  high  clay  content.  This  may  be  due  to  floccu- 
lation  by  the  high  percentage  of  lime  present. 

Table  XTV  shows  the  mechanical  composition  of  the  soils  of 
this  group.  Tables  XV  and  XVI  give  the  results  of  the  chemical 
examinations. 


Table  XIV. — Mechanical  composition  of  the  soils  formed  from  limestones  and 

shales. 


Soil  type  and  location. 


ORwego  fdlt  loam,  Kanms 

Wabash  silt  loam,  KansHM 

Hageratown  luam,  Tenne^Hee 
Hageretown  clay,  Kentucky . 
Houston  clay,  Alabama 


2  too.  06 

0.06  to 

mm. 

0. 005mm. 

(sand). 

(silt). 

Percent. 

Percent. 

25 

57 

13 

69 

86 

40 

7 

48 

28.6 

25.5 

0.005  to 
0  mm. 
(clay). 

Percent. 
18 
18 
23 
46 
46.6 


Table  XV. — Partial  chemical  composition  of  the  separates  of  limestone  and  shale 

soils. 


Soil  type  and  location. 


Oswego  silt  loam,  Kanms. 

Wabash  silt  loam.  Kansas. 

Uagerstown  loam,  Ten- 
nessee  

Hagerstown  clay,  Ken- 
tucky   

Houston  clay,  Alabama. . . 


PsO,. 

CaO. 
Sand.  Silt.   Clay. 

MgO. 

KjO. 

Sand. 

Silt. 

Clay. 

P.ct. 
0.31 
.40 

Sand. 

P.ct 

0.06 

.30 

Silt. 

Clay. 

Sand. 

P.ct, 
0.64 
2.27 

Silt. 

P.ct 

0.07 

.05 

P.ct 

0.08 

.07 

P.ct 

0.19 

.81 

P.ct 

0.33 

.88 

P.ct. 
0.93 
2.67 

P.H. 

0.13 

.43 

P.ct 
1.54 
2.16 

P.H. 

1.31 

2.96 

.04 

.05 

.40 

.22 

.26 

.94 

.19 

.30 

1.60 

.12 

.84 

.32 

.48 

.28 
.86 

.56 
.77 

7.81 
28.73 

3.12 
29.51 

2,37 
26.45 

.76 

.87 

.87 
.88 

2.32 
1.60 

3.48 
.79 

3.60 
1.06 

Clay. 

P.ct. 
1.88 
8.64 

1.68 

5.07 
1.10 
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Table  XVI. — Content  of  the  i*vparatvif  of  the  limestone  and  shale  soils  ealcvlated 

to  percentages  of  the  whole  soil. 


Soil  type  and  location.     — 


Oi^wego  Rilt  loam,  Kanrns. 

Wabash  nilt  loam.  Kansas. 

Haf^erstown  loum,  Ten- 
nesee 

Ha^enntown  clay,  Ken- 
tucky   

Hou2»ton  clay.  Alabama. . 


PsOft. 

CaO. 

MrO. 

K^. 

Sand.'  Silt. 

Clay. 

Sand.   Silt,  i  Clay.  Sand. 

Silt. 

Clay. 

Sand. 

Pel. 

0.16 

.29 

Silt.  Iciay. 

P.ct. 

0.02 

.01 

P.  ct. 

0.06 

.05 

P.  ct. 

O.Oi 

.07 

P.ct. 

0.05 

.10 

Pet.   P.ct. 

0.19     0.16 

.60       .48 

P.H. 

0.02 

.04 

P.ct, 

0.07 

.29 

P.ct. 

0.27 

.38 

P.ct. 
0.76 
2.03 

P.cL 

o.:a 

.65 

.01 

.02  1    .09 

.08  !    .10       .22       .07 

.12 

.87 

.04       .34 

.39 

.02 
.14 

.13 
.09 

.25 
.36 

.56 
8.19 

l.nO     1.09 
7.53   12.30 

( 

.05 
.25 

.42 
.22 

1.07 
.74 

.24 
.23 

1.73 
.27 

2.33 
.51 

Excepting  the  lime  and  the  phosphates  in  the  calcareous  soils, 
Hagerstown  clay  of  Kentucky  and  Houston  clay  of  Alabama,  these 
limestone  and  shale  soils  follow  the  rule  that  the  finer  the  separate 
the  greater  the  percentage  of  the  four  elements  determined.  In  the 
cases  of  high  lime  content  there  may  be  calcium  carbonate  in  the 
form  of  sand  as  that  term  is  here  used,  and  quartz  and  o.ther  sands 
may  be  coated  with  carbonate  of  lime.  In  the  clay  soils  the  greatest 
absolute  quantity  of  lime  is  contained  in  the  clays;  in  the  loams  the 
silts  often  have  greater  quantity. 

The  Oswego  silt  loam  and  tlie  Hagerstown  loam  are  in  marked 
contrast  with  the  clays  in  that  the  latter  contain  larger  percentages 
of  the  several  elements  determined,  notably  the  potash  in  Hagers- 
town clay,  the  lime  in  Houston  clay,  and  the  phosphoric  acid  in  both. 
This  comparative  poverty  in  the  former  is  doubtless  due  in  part  to 
these  soils  being  the  result  of  more  extended  weathering  than  are 
the  two  clays,  and  the  rocks  from  which  they  are  formed  diflFer  con- 
siderablv. 

WTiile  the  separates  of  any  one  of  these  shale  and  limestone  soils 
can  be  compared  among  themselves,  no  useful  comparison  of  one  of 
the  soils  with  another  can  be  made  unless  the  full  historv  of  the  soils 
be  considered.  Some  of  them  have  come  from  shales  with  layers  of 
interbedded  limestones,  others  from  massive  limestones,  and  the  ex- 
tent of  weathering  and  leaching  has  varied  so  that  a  similar  soil  could 
not  result.  Notwithstanding  this,  the  plant-food  constituents  are 
concentrated  in  the  finer  separates  of  all  these  shale  and  limestone  soils 
as  in  those  of  greatly  different  origin. 

Not  only  are  the  finer  separates  of  this  group  of  soils  richer  in 
plant- food  constituents  us  determined  by  percentage  composition,  but 
since  the  soils  are  mainly  clay  and  silt  the  absolute  quantities,  as 
shown  by  Table  XVI,  are  greater  in  these  portions. 


SOILS    OF   THE    ARID    RROIONS. 


Two  soils  formed  under  arid  conditions,  or  at  least  that  have  been 
under  arid  conditions  for  very  long  periods,  were  used  in  this  work — 
one  from  the  Fresno  series  and  one  from  the  Tndio  series. 
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Frei^no  fuc  samhj  loam. — Described  as  Fresno  sandy  loam  in  the 
report  of  the  soil  survey  of  the  Fresno  area,  California,  1900.  Tliis 
soil  is  composed  largely  of  silt  to  fine  sand.  It  is  locally  known  as 
"  white-ash  land,"  from  its  color  and  its  physical  character.  The  soil 
has  probably  been  derived  from  volcanic  ash,  but  light -colored  loams 
and  sands  have  also  contributed  to  it.  The  soil  lies  flat  and  works 
well,  unless  it  be  puddled,  when  water  penetrates  it  slowly  and  hard 
clods  or  lumps  form  on  drying.  The  lower  subsoil  is  heavier,  a  blue 
clay  being  encountered  at  the  depth  of  a  few  feet.  Because  of  poor 
drainage  or  light  rainfall  this  soil  generally  contains  alkali. 

Indio  fine  sandy  loam, — Described  as  Fresno  sandy  loam  in  the 
report  of  the  soil  survey  of  the  Indio  area,  California,  1903.  This 
soil  is  made  up  of  clay,  silt,  and  the  finer  grades  of  sand.  The  clay 
is  so  flocculated  that  the  soil  in  its  field  condition  is  lighter  than  the 
mechanical  composition  would  indicate.  The  soil  was  mainly  formed 
by  erosion  from  adjacent  mountains,  the  material  being  deposited 
in  a  bay  or  arm  of  the  ?ea,  but  it  has  been  greatly  modified  by 
wind  action.  It  contains  micaceous  grains  and  minute  shells. 
The  soil  ranges  in  depth  from  2J  to  5  feet  and  is  underlain  with 
sandy  loam  or  sand.  The  surface  usually  has  a  uniform  slope  and  is 
generally  well  drained,  but  its  high  capillary  power  draws  much 
water  to  the  surface,  causing  an  accumulation  of  alkali  by  its  evaj)- 
oration.  In  the  lower  levels  the  alkali  is  present  in  injurious 
amounts.  Owing  to  insufficient  rainfall  the  salts  are  not  washed  out 
of  this  soil  so  well  as  might  be  expected  from  its  physical  character. 

Tables  XVII,  XVIII,  and  XIX  give  the  mechanical  composition 
and  the  results  of  the  analysis  of  the  separates  of  these  soils. 

Table  XVIII  would  show  these  two  soils  to  be  somewhat  similar 
to  those  of  humid  regions  in  respect  to  the  distribution  of  the  ele- 
ments in  the  mechanical  separates.  Excepting  the  lime  in  the  highly 
calcareous  Indio  fine  sandy  loam,  the  finer  the  separates,  in  general, 
the  higher  the  percentage  of  the  elements  determined,  and  of  course 
the  less  siliceous  they  are.  Since  these  soils  contain  considerable 
alkali  or  water-soluble  salts,  constituents  which  would  here  appear 
in  the  clay,  the  content  of  the  clay  proper  would  l>e  somewhat  less 
than  shown  in  the  tables.  In  the  case  of  the  potash  it  would  prob- 
ably l)e  considerably  less.  It  will  be  observed  that  the  sand  of  the 
Indio  fine  sandy  loam  contains  slightly  more  potash  than  the  silt. 
Were  the  apparent  content  of  potash  in  the  clay  reduced  by  that 
which  has  been  washed  from  the  whole  bulk  of  soil  and  concentrated 
in  the  clay,  thus  obtaining  that  of  the  clay  itself,  this  true  content 
would  probably  not  greatly  exceed  that  of  the  sand.  Were  the  same 
correction  made  for  the  Fresno  fine  sandy  loam,  the  clay  would  be 
about  like  the  silt  in  potash  content.  The  same  considerations  apply 
to  the  other  elements,  but  doubtless  to  a  less  degree ;  ^  but  after  mak- 
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ing  due  allowance  for  this  source  of  error,  it  would  appear  that  the 
coarser  particles  are  somewhat  poorer  in  phosphorus,  magnesium, 
and  potassium. 

Table  XVII. — Mechanical  compoeition  of  the  arid  8oils, 


Soil  type  and  location. 


Fresno  fine  sandv  loam,  California. 
Indio  fine  sandy  loam,  California... 


2  to  0.06 

mm. 

(sand). 


Percent. 
66.5 
46 


0.05  to 

0.005  mm. 

(silt). 


0.005  to 
0  mm. 
(clay). 


Percent. 
25.5 
29 


Percent. 


8 
24 


Table  XVIII. — Partial  chemical  composition  of  the  separates  of  the  arid  soils. 


Soil  type  and  location. 

P«05. 

CaO. 

MgO. 

K2O. 

Sand. 

Silt 

P.ct. 
0.22 

.27 

Clay. 

Sand. 

Silt 

Clay. 

Sand. 

Silt 

Clay. 

P.ct. 
5.85 

4.82 

Sand. 

Sjlt   Clay. 

Fresno  fine  sandy  loam, 
California 

P.ct. 
0.15 

.22 

P.ct 
0.65 

.25 

P.ct. 
3.16 

15.02 

P.ct. 
3.55 

14.89 

P.ct, 
6.20 

9.87 

P.ct 
0.78 

2.20 

P.d, 
1.81 

4.14 

P.ct. 
3.26 

2.84 

P.ct.    P.ct. 
5. 58       6. 27 

Indio   tine  sandy   loam, 
California 

2. 78      3. 86 

Table  XIX. — Content  of  the  separates  of  arid  soils  calculated  to  percentages  of 

the  whole  soil. 


Soil  type  and  location. 

P«05. 

CaO. 

MgO. 

KjO. 

Clay. 

P.ct. 
0.50 

Sand. 

P.ct. 
0.10 

.10 

Silt 

Clay. 

Sand. 

P.ct. 
2.10 

6.94 

Silt 

Clay. 

P.ct. 
0.50 

2.36 

Sand. 

P.ct. 
0.52 

1.02 

Silt 

aay. 

Sand.  Silt 

Fresmo  fine  sandy  loam, 
California 

P.ct. 
0.06 

.08 

P.ct. 
0.05 

.06 

P.ct. 
0.91 

4.85 

P.ct. 
0.46 

1.21 

P.cL 
0.47 

1.15 

1 
P.ct.,  P.ct. 

0.17      1-42 

Indio  fine  sandy  loam, 
California 

1.80 

.80 

.92 

COMPARISONS  OF  THE  CROUPS  OF  SOILS. 

It  is  interesting  to  compare  the  soils  of  one  province  with  those  of 
another.  If  the  soils  of  the  Coastal  Plains  be  compared  with  those 
of  the  Piedmont  Plateau  and  of  the  Appalachian  Mountains/cer- 
tain distinct  differences  are  observed.  Tlie  hitter  soils  are  residual — 
that  is,  they  have  been  forme<l  where  now  found  or  have  been  moved 
but  short  distances.  The  meth(xl  of  foimation,  in  addition  to  pul- 
verization, has  been  one  of  removal  of  certain  parts  of  the  rocks, 
either  by  solution  or,  mechanically,  by  moving  water  or  air,  leaving 
the  present  soil  as  a  residue.  The  material  forming  the  soil  may 
differ  but  little  chemically  and  mineralogically  from  the  rocks  whose 
breaking  down  has  produced  the  soil,  or  it  may  depart  much  from 
them.  An  illustration  of  the  latter  is  seen  in  the  clays  resulting 
from  limestones. 

The  soils  of  the  Piedmont  used  in  this  investigation  contain  abun- 
dant fragments  of  the  original  minerals  undecomposed.  The  Coastal 
Plains  soiis  have  resulted  to  a  large  extent  from  material  washed 
from  the  Piedmont  Plateau  and  deposited  iu  water  at  lower  levels. 


80  THE   MINERAL   COMPOSITION   OP   SOIL  PAKTICLES. 

They  have  suffered  from  decomposition  and  solution  more  than  have 
the  Piedmont  and  Appalachian  soils,  and  there  has  often  been  a 
greater  separation  of  the  finer  from  the  coarser  particles. 

The  tables  show  that  the  residual  soil?,  Chester  mica  loam,  Porters 
black  loam,  and  Cecil  clay,  contain  more  plant-food  constituents 
than  do  the  Coastal  Plains  soils.  This  is  especially  true  of  the  phos- 
phorus, the  potassium,  and  the  magnesium.  It  is  in  the  coarser 
materials,  tlie  sands,  where  the  greatest  difference  in  composition  is 
found.  In  the  sands  of  the  residual  soils  the  potash  averages  l.GO 
per  cent,  in  the  sands  of  the  Coastal  Plains  soils  the  potash  averages 
0.37  per  cent,  the  sands  of  the  residual  soils  being  over  four  times 
as  rich.  In  the  clays  the  averages  are,  respectively,  2.86  per  cent 
and  1.79  per  cent,  the  clays  of  the  residual  soils  being  about  one  and 
a  half  times  as  rich  as  those  of  the  Coastal  Plains  soils.  A  compari- 
son of  the  potash  content  of  the  sand  of  a  soil  w^ith  that  of  the  clay 
of  the  same  soil  shows  that  relatively  as  well  as  absolutely  the  sands 
of  the  residual  soils  are  richer  than  those  of  the  Coastal  Plains. 
For  example,  in  the  Norfolk  loam  and  the  Crowley  silt  loam, 
having  the  least  difference  in  the  potash  content  of  the  sand  and  the 
clay  of  any  of  these  Coastal  Plains  soils,  the  clay  is  three  times  as 
rich  as  the  sand.  In  the  Orangeburg  fine  sandy  loam  the  content  of 
potash  in  the  clay  is  seven  times  that  in  the  sand.  In  the  Orange- 
burg sandy  loam  the  ratio  is  30  to  1.  In  the  residual  soils,  on  the 
other  hand,  the  ratios  are  smaller,  being  2.7  to  1  in  Porters  black 
loam,  1.8  to  1  in  Chester  mica  loam,  and  0.7  to  1  in  Cecil  clay.  A 
similar  comparison  for  the  other  elements  wnll  lead  to  the  same  con- 
clusion— that  the  clavs  and  the  sands  of  the  Coastal  Plains  soils 
differ  more  in  composition  than  do  those  of  residual  soils. 

The  glacial  soils  consist  largely  of  crushed  rocks.  Much  of  the 
material  composing  them  has  not  been  profoundly  weathered.  They 
are  therefore  quite  similar  in  composition  to  the  residual  soils,  and 
hence  differ  from  those  of  the  Coastal  Plains.  A  comparison  of  the 
composition  of  the  separates  of  glacial,  residual,  and  Coastal  Plains 
soils  show^s  this.  It  is  true  of  all  constituents,  unless  it  be  phos- 
phorus. If,  as  before,  the  potash  content  be  taken  for  comparison, 
it  is  seen  that  the  clays  of  the  glacial  and  the  residual  soils  contain 
about  twice  the  percentage  that  the  sands  do,  while  the  potash  con- 
tent of  the  clays  of  the  Coastal  Plains  soils  is  five  times  that  of  the 
sands. 

The  sandy  and  the  silty  glacial  soils  are  somewhat  similar  in  per- 
centage composition.  Owing  to  the  latter  consisting  to  so  large  an 
extent  of  such  fine  particles,  it  might  have  been  supposed  that  decom- 
position and  leaching  would  have  affected  them  more,  and  that  there 
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would  have  been  a  greater  difference  between  the  two  classes  than  the 
figures  show.  The  average  potash  content  of  the  silty  soils  is  slightly 
greater  than  that  of  the  others,  as  may  be  determined  from  the  table, 
being  2.16  per  cent  and  1.94  per  cent,  respectively.  The  magnesia  is 
0.74  per  cent  of  the  silty  soils  and  0.86  of  the  others;  the  lime,  1.08 
per  cent  and  1.76  per  cent;  the  phosphoric  acid,  0.23  per  cent  and  0.22 
per  cent,  the  figures  being  in  all  cases  averages  calculated  from  the 
table.  But  the  silty  soils  are  loessial  for  the  most  part  and  were 
formed  from  material  blown  by  winds  from  glaciated  areas  and 
deposited  where  now  found,  or  of  material  that  has  since  been 
reworked  by  water.  Minerals  rich  in  alkalies  and  alkaline  earths, 
being  relatively  easily  crushed,  would  form  a  larger  percentage  of 
these  silty  soils  than  they  do  of  the  original  glacial  soils ;  so  that  even 
if  there  has  been  a  tendency  to  impoverish  them  by  leaching,  their 
originally  greater  richness  enables  the  loessial  soils  to  compare  well 
with  those  strictly  glacial. 

We  have  but  two  soils  of  the  arid  region  to  compare  with  the 
twenty-five  of  humid  regions.  The  latter  were  selected  to  represent 
soils  of  all  classes — those  of  low,  of  medium,  and  of  high  produc- 
tivity ;  sandy  soils,  clay  soils,  calcareous  soils,  and  those  intermediate 
between  these  several  extremes.  They  may  be  taken  as  fairly  well 
representing  the  humid  soils.  The  two  arid  soils  can  not  be  consid- 
ered to  represent  so  well  those  of  the  region  because  of  their  limited 
number  and  similarity  of  texture,  both  being  fine  sandy  loams. 

If  the  separates  of  these  arid  soils  be  compared  with  those  of  soils 
that  have  been  profoundly  weathered  and  leached,  such  as  the  C!oastal 
Plains  soils  and  the  shale  soils,  it  will  be  found  that  the  coarser  sepa- 
rates of  the  former  are  richer  relatively  than  the  finer  ones.  If  a  like 
comparison  be  made  of  the  arid  soils  with  the  glacial  soils,  the  residual 
soils,  and  the  calcareous  soils,  they  are  all  found  to  be  quite  similar 
in  so  far  as  the  distribution  of  nutrients  among  the  separates  is 
concerned. 

It  should  be  noted  that  our  comparison  of  arid  soils  with  those  of 
humid  regions  is  in  no  way  similar  to  that  made  by  Tolman  (p.  10). 
He  compared  the  solubility  of  the  separates  rather  than  their  com- 
position. It  is  well  known  that  sands  are  often  coated  with  colored 
iron  compounds,  so  that  what  is  called  a  yellow  or  a  red  sand  be- 
comes transparent,  colorless  quartz  sand  when  treated  with  acid. 
Other  minerals  in  the  form  of  sand  are  also  similarly  coated.  The 
finer  portions,  the  silts  and  the  clays,  are  often  the  most  highly 
colored.  It  is  generally  impossible  to  tell  whether  the  coloring  com- 
pounds are  simply  finely  pulverized  and  mixed  with  the  silt  and 
the  clay,  or  whether  the  colors  exist  in  the  form  of  thin  cofitings  on 
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the  grains  of  these  materials.  Schloesing*  believes  the  latter  to  be 
largely  the  case.  It  seems  reasonable  to  believe  that  the  slightly 
soluble  compounds  existing  in  soils,  such  as  the  carbonates  and  the 
phosphates  of  the  alkaline  earths,  the  phosphates  of  iron  and  alumi- 
num, the  more  soluble  silicates  and  silico-aluminates,  etc.,  may  form 
coatings  on  minerals  just  as  do  the  oxides  and  the  hydroxides  of  iron. 
If  the  minerals  or  their  decomposition  products  had  been  in  solution 
and  then  separated  out  because  of  concentration  of  the  solution  by 
evaporation,  the  deposition  would  be  on  the  grains.  Even  if  the 
adhesive  force  were  equal  over  surfac*es  of  large  and  of  small  grains, 
so  that  the  films  would  be  of  equal  thickness,  there  would  be  a  larger 
percentage  in  the  coatings  of  small  particles,  since  in  these  the  sur- 
faces exposed  are  nuicli  greater  in  proportion  to  mass.  There  would 
be  a  tendency  for  this  coating  film  to  thicken,  for  on  the  assump- 
tion of  a  surface  attraction,  it  would  be  from  the  reserves  of 
these  slightly  soluble  substances  and  not  from  the  films  that  more  of 
the  material  would  go  into  solution  when  water  is  added  to  the  soil 
by  rain  or  otherwise.  The  deposition  would  take  place  over  the  pre- 
vious film  as  the  soil  becomes  drier  again.  At  length  the  action 
would  be  in  equilibrium  when  the  tendency  to  dissolve  from  the 
films  and  from  the  reserves  is  equal.  While  this  is  probably  one  of 
the  reasons  for  the  greater  percentage  of  acid-soluble  substances -in 
the  finer  separates,  it  can  hardly  be  doubted  that  because  of  their 
softness  in  comparison  with  such  minerals  as  quartz  the  compounds 
containing  the  nutrients  are  more  finely  pulverized  in  soil  making, 
and  that  they  are  therefore  more  largely  reduced  to  the  size  of  silt 
and  clay.  In  arid  regions  this  solution  and  deposition  would  not 
take  place  to  so  large  an  extent,  since  the  soils  are  seldom  thoroughly 
wet.  Decomposition  or  alteration  taking  place  on  the  surfaces  of 
mineral  grains,  the  latter  would  remain  coated  with  decomposition 
products  if  there  were  lack  of  water  to  remove  the  coating  or  to  con- 
tinue the  kaolinization  process  further.  The  coarser  grains  of  soils 
are  more  likely  to  be  thus  coated  in  arid  regions  than  in  humid  ones. 
The  decomposition  products  being  more  soluble  in  acid  than  the 
original  minerals,  it  may  frequently  happen  that  the  sands  of  arid 
soils  yield  more  material  to  the  acid  used  in  analysis  than  do  the 
sands  of  humid  soils,  and  for  the  reason  given  above.  Tolman  ^  be- 
lieves this  to  be  a  general  fact,  and  suggests  the  above  explanation 
of  it. 

While  the  existence  or  nonexistence  of  these  unremoved  coatings 
of  decomposition  products  would  account  for  differences  in  the  solu- 

'^Compt.  Rend.,  185,  601-605   (1902). 

'•Kept.  Agr.  Expt.  Sta.,  Univ.  Cal.,  1898-1901,  p.  40  et  seq. 
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bility  of  the  mechanical  separates  of  soils,  they  would  cause  no  great 
difference  in  composition  as  shown  by  fusion  methods,  for  the  latter 
would  show  the  total  content  of  the  grains;  whether  they  be  partially 
decomposed  or  not. 


ROCKS,   SOILS,   AND    SOIL   SEPARATES. 

Comparisons  have  often  been  made  of  residual  soils  with  the  rocks 
from  which  they  were  in  large  part  formed.  In  many  cases  this 
can  be  done  with  considerable  certainty  that  the  proper  materials 
are  being  compared.  But  most  of  the  soils  studied  in  this  bulletin 
are  far  removed  from  the  rocks  whose  disintegration  produced  them, 
and  they  are  mixtures  of  such  diverse  materials  that  comparisons  of 
the  sediments  with  the  parent  rock  can  not  be  made.  It  may,  how- 
ever, be  of  interest  to  compare  the  separates  of  these  soils  with  such 
well-knowm  rocks  as  granites,  syenites,  gneisses,  shales,  and  sand- 
stones. Each  of  these  classes  of  rocks  varies  considerably  in  ulti- 
mate composition,  depending  upon  the  proportion  of  their  constituent 
minerals,  but  by  taking  several  of  each  class  some  conception  of  com- 
mon limits  of  variation  may  be  formed.  In  the  following  tables 
the  percentages  of  PoOr,  CaO,  MgO,  and  KoO  in  a  number  of  these 
rocks  are  given.** 

Table  XX. — Parlial  compotfidon  ttf  ffranitcH. 


Type  of  rock  and  location. 


P.,0 


•,'^5- 


Oranite,  Currant  Creek  Canyon,  Pikes  Peak,  Colorado 0. 22 

Biotite  granite,  Sentinel  Point,  Pikes  Peak.  Colorado I  Trace. 

Granite,  Currant  Creek  Canyon,  Pikes  Peak,  Colorado '  .05 

Biotite  granite,  Vermont .11 

Soda  granite,  Minnesota .20 

Granite,  Florissant,  Colorado Trace. 

Granite,  Montana .  0<> 

Aplite,  Sierra  County,  California .03 


CaO. 

MgO. 
Per  cent. 

Per  cent. 

0.58 

0.07 

.80 

.04 

.23 

.14 

1.13 

.33 

.66 

.58 

.15 

Trace. 

1.26 

.86 

1.28 

.05 

K-O. 


6.56 
4.92 
7.99 
4.81 
4.97 
4.15 
6.09 
5.18 


Table  XXI. — Partial  compoHition  of  trachytv-syenitr  rocks. 


Type  of  rock  and  location. 


Nordmarkite,  Vermont 

Quartz  syenite  porphynr.  Bearpaw  Mountains,  Montana 

Biotite  trachyte,  Dike  Mountains,  Yellowstone  National  Park . 

Soda  syenite  porphyry,  Moccasin  Creek,  California 

Soda  syenite,  Alaska 

Biotite  trachyte,  Dike  Mountains, Yellowstone  National  I'ark . 
Augite  syenite  porphyrj'.  Copper  Creek  Basin,  Yellowstone 

Nati  onal  Park 

Augite  syenite,  Turnbcusk  Creek,  California 

Syenite,  Little  Belt  Mountains,  Montana 

Syenite,  Colorado 

Syenite,  Crazy  Mountains,  Montana 


PoOa 


P<T  enit. 
0.13 
.10 
.22 
.11 
.OtJ 
.2ii 

.21 
.16 
.33 

.:y> 

.  26 


CaO. 

MgO. 
Per  cent. 

KjjO. 

rr  crvt. 

Per  cent. 

1.49 

0.40 

5.97 

1.32 

.77 

5.76 

.9:? 

.6:1 

5.47 

.55 

.24 

.10 

2. 6«> 

.06 

.39 

2.7M 

.91 

6.11 

2.60 

1.13 

4.56 

5.61 

1.69 

7.70 

4. 61 

8.67 

4.50 

3.77 

L24 

5.06 

3.69 

1.51 

5.34 

-•Clarke.     I>ata  of  deocheraistri',  .KW-.lTl,  4i\:\,  -I OS.  .-»:i4-."»r'».-|  (lOOS). 
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Table  XXII. — Partial  composition  of  gneisH. 


Type  of  rock  and  location. 


Sedimentarv  gnein,  Canada 

SuarU-blotite^raet  gneiss,  New  Nork. . . 
'ica  g:neifl8,  Pennsylvania 

Gneiss,  Maryland 

Gneiss,  sedimentary,  Great  Falls  Potomac 

Biotite  gneiss.  Michigan 

Quartz-noiite  gneiss,  Minnesota 


PsOft. 


Percent. 


0.11 

.22 


.11 


CaO. 


Per  cent 
0.35 
2.40 
1.87 
9.69 
1.68 
1.87 
5  99 


MgO. 


Per  cerU. 
1.81 
2.40 
2.42 
5.98 
.95 
1.26 
8.62 


K,u. 


Per<ent. 
2.60 
1.98 
2.86 
1.56 
1.S5 
2.85 
.55 


Table  XXIII. — Partial  vompusition  of  sandstones. 


Type  of  rock  and  kK'ation. 


PjOs. 


Percent. 


I 


Brown  sandstone,  Hummelstown,  Pa 

Ferruginous  sandstone,  Norfolk.  England 

From  a  "Sandstone  dyke,"  Shanta  County.  Cul 

Miocene  sandstone,  Mount  Diablo,  Cal 

Composite  of  258  sandstones 

Composite  of  371  building  sandstones 

Sandstone  from  Hurley,  wis 


0.42 
.14 
.29 
.08 
.06 


CaO. 

MgO. 

Percent, 

Percent 

0.20 

0.58 

2.43 

.95 

16.89 

2.22 

14.65 

5.55 

5.52 

L17 

1.05 

.52 

.70 

1.39 

K-0. 


Per  cent, 
2.63 
.48 
1.17 
1.37 
1.32 
1.16 
1.62 


Table  XXIV. — Partial  composition  of  shales. 


Type  of  rock  and  location. 


P9O5. 


Composite  of  61  Paleozoic  shales 

Composite  of  27  MeM>Koic  and  Cenozoic  Hhales.  . 

Black  Devonian  shale.  Morenci,  Ariz 

Middle  Cambrian  shale,  Coosa  Valley,  Alabunui 

Bituminous  shale,  Dry  Gap,  Georgia 

Shale  near  Rush  Creek.  Colorado 

Carboniferous  shale.  Elliott  County.  Ky 

Cretaceous  shale,  Mount  Diablo,  California 


Percent. 
0.15 
.20 
.08 
.06 
.31 
.17 
.08 
.08 


CiiO. 


Per  cent. 
1.41 

3.40 

1.60 

.78 

12.09 
9.91 

27.87 


MgO. 

K,0. 

Percent. 

Per  cent. 

2.32 

3.60 

2.67 

2.07 

4.16 

6.74 

2.32 

3.19 

1.15 

3.16 

2.12 

2.31 

1.91 

.88 

2.61 

A  comparison  of  the  figures  in  the  above  tables  with  those  for  the 
separates  of  the  glacial  soils  in  Table  XII  shows  that  the  phosphates 
in  these  rocks  and  in  the  sands  and  silts  are  of  about  the  same  order 
of  magnitude,  and  that  they  are  appreciably  higher  in  the  clays. 
It  would  seem,  then,  that  in  so  far  as  these  soils  resulted  from  rocks 
like  the  above  there  has  been  little  change  in  the  percentage  of  phos- 
phates in  the  portions  forming  sand  and  silt,  while  there  has  been  a 
concentration  in  the  clays.  The  change  of  the  minerals  comprising 
these  rocks  to  "  clay "  is  a  somewhat  complex  one.  In  so  far  as 
it  is  chemical  it  is  mainly  a  loss  of  alkalis  and  alkaline  earths  by 
solution,  and  the  taking  up  of  water  in  kaolmization.  The  first  proc- 
ess would  tend  to  increase  the  proportion  of  phosphate,  the  latter  to 
decrease  it. 

A  similar  comparison  of  the  lime  content  shows  that,  while  there 
is  much  variation  in  the  percentage  of  this  base,  in  general  the  gran- 
ites are  somewhat  below  and  the  syenites  and  gneisses  somewhat 
above  the  several  separates. 
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The  sands  and  the  silts  of  the  glacial  soils  have  much  the  same  mag- 
nesia content  as  the  granites  and  syenites,  and  the  clays  are  richer. 
The  gneisses  contain  more  magnesia  than  any  of  these  separates. 

A  comparison  of  the  potash  content  shows  that  the  granites  and 
syenites  are  richer  in  this  element  than  are  any  of  the  sediments — 
much  richer  than  the  sands  and  the  silts.  The  gneiss  rocks  are  about 
like  the  sands  and  poorer  than  the  silts  and  clays. 

These  various  relations  may  have  come  about  by  the  mixing  of 
the  debris  of  very  diverse  rocks,  those  richer  in  the  elements  named 
with  those  poorer,  or  by  the  decomposition  and  leaching  of  the  broken 
down  richer  rocks. 

Of  the  soils  formed  from  crystalline  and  metamorphic  rocks  by 
other  than  glacial  action  (pp.  19  to  21)  the  Chester  mica  loam  and 
the  Cecil  clay,  as  a  whole,  contain  about  the  same  proportion  of  phos- 
phate as  do  the  granites  and  gneisses,  the  sands  and  silts  being  low, 
the  clays  relatively  high.  Calcium  is  a  less  abundant  constituent  of 
the  soils  than  of  the  rocks.  The  soils  contain  about  as  large  a  pro- 
portion of  magnesium  as  the  granites  and  less  than  the  gneisses.  The 
syenites  are  variable  in  the  content  of  this  element,  some  of  these 
rocks  being  poorer  than  the  two  soils  and  some  richer. 

Some  of  the  separates  of  these  soils  are  richer  in  the  elements  than 
the  rocks  and  some  poorer.  Thus  in  general  the  rocks  contain  a 
greater  percentage  of  phosphate  than  the  sand  and  silt  separates  and 
less  than  the  clays.  All  the  separates  are  qf  lower  lime  content  than 
the  rocks.  Their  magnesia  content  is  greater  than  that  of  the  granites 
and  less  than  that  of  the  gneisses.  The  potash  of  the  separates  is  very 
similar  to  that  of  the  gneisses,  but  much  less  than  that  of  the  granites. 

Porters  black  loam  more  nearly  resembles  the  syenites  in  compo- 
sition, and  its  separates  are  irregular  when  compared  with  the  rocks. 
This  soil  is  said  to  be  derived  from  granites  and  gneisses  in  large 
part.  The  content  of  potash,  lime,  and  magnesia  in  the  whole  soil  is 
intermediate  between  that  of  the  rocks  as  shown  in  these  tables. 

SUMMARY. 

As  a  general  rule  the  smaller  particles  of  soils  are  richer  in  potas- 
sium, calcium,  magnesium,  and  phosphorus  than  the  coarser  particles. 

The  concentration  of  these  elements  in  the  finer  components  is  the 
more  pronounced  as  the  soils  have  undergone  more  extreme  weath- 
ering. 

In  glacial  soils  and  others  resulting  largely  from  mechanical  proc- 
esses the  coarser  particles  are  relatively  high  in  the  percentages  of 
potash,  lime,  and  magnesia. 

The  larger  mechanical  components  contain  these  elements  in  forms 
which  by  protracted  weathering  will  become  more  soluble,  and  they 
will  ultimately  be  concentrated  in  the  finer  components. 


86  THE   MINERAL   COMPOSITION   OF   SOIL  PARTICLES. 

Calcium  is  often  rather  low  in  clay  soils  resulting  from  the  weather- 
ing of  hard,  compact  limestones.  It  is  generally  abundant  in  soils 
recently  formed  from  easily  broken  down  limestones.  The  sands  of 
these  latter  soils  may  contain  a  high  percentage  of  calcium,  probably 
as  lime  sand  or  as  coatings  on  other  large  mineral  grains. 

A  comparison  of  soils  and  soil  separates  with  crystalline  rocks 
indicates  that  in  the  process  of  the  weathering  of  these  rocks  the  phos- 
phate remains  of  about  the  same  proportion  or  slightly  increases. 
The  lime  and  potash  seem  to  decrease  in  percentage,  although 
minerals  containing  tliem  are  always  present. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Soils, 
Washinffton,  D,  T.,  Auqxmt  13^  1908. 
Sir:  The  accompanying  article,  entitled  "Soils  of  the  United 
States,"  is  composed  of  two  parts.  The  first  part  consists  of  seven 
lectures  covering  the  activities  of  the  Bureau  of  Soils  in  the  field 
and  in  the  chemical  and  physical  laboratories  for  the  last  nine  years 
and  discusses  in  a  general  way  the  most  notable  achievements  during 
that  period,  coupled  with  suggestions  for  further  research  in  the 
fundamental  field  of  soil  study.  Each  of  these  lectures  being  in  a 
measure  complete  in  itself,  no  effort  has  been  made  to  give  Part  I 
the  unity  of  development  to  be  expected  in  a  monof^raph,  and  certain 
duplications  of  statement  occur  which  have  been  allowed  to  stand  be- 
cause necessary  to  the  proper  elucidation  of  the  subjects  considered 
under  the  main  titles. 

Part  II  consists  of  descriptions  of  the  soil  provinces,  soil  series, 
and  soil  types,  the  last  particularly  from  the  standpoint  of  crop 
adaptation.  The  extent  and  the  distribution  of  the  soils  of  the 
United  States  are  also  shown,  and  the  whole  gives  the  complete  classi- 
fication of  soils  up  to  January  1,  1908. 

I  have  to  recommend  the  publication  of  this  work  as  Bulletin  No. 
55  of  the  Bureau  of  Soils. 

Very  respectfully,  Milton  Whitney, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PART  I.  RESULTS  OF  RECENT  SOIL  INVESTIGATIONS. 

NATURE  AND  FBOPEBTIES  OF  THE  SOIL. 

Since  the  soil  is  a  complicated  system  of  four  distinct  classes  of 
material,  of  which  the  constitution  and  properties  are  not  thoroughly 
understood,  and  since  these  materials  interact  one  upon  another  and 
at  the  same  time  are  also  acted  upon  by  at  least  nine  agencies,  of 
the  functioning  of  which  agencies  much  is  yet  to  be  found  out,  the 
subject  of  soil  investigation  is  one  of  the  most  intricate  and  difficult 
that  has  ever  been  undertaken.  The  subject  of  soil  investigations  as 
a  laboratory  study  has  been  divided  for  convenience  into  soil  chem- 
istry, soil  physics,  and  soil  physiology,  but  the  separation  of  these 
several  fields  is  poorly  defined  and  must  be  arbitrarily  made,  and  can 
not  be  followed  in  a  general  paper  of  this  character. 

The  soil  in  place  in  the  field  and  in  condition  to  grow  plants  con- 
sists of — 

Minerals. 

Water. 

Soil  atmosphere. 

Nonliving  organic  matter. 

These  materials  react  on  each  other  and  in  so  doing  affect  the  con- 
ditions for  plant  growth  to  such  an  extent  that  certain  rather  definite 
proportions  must  be  maintained  for  successful  crop  production. 

There  are  certain  agencies  common  to  soils  which  also  react  on  or 
affect  each  other  and  the  soil  material.     These  are — 

Plants. 

Bacteria. 

Molds  and  fungi. 

Enzymes. 

Earthworms,  etc. 

Radiant  energy. 

Light. 

Heat. 

Electricity. 

Various  other  forms  of  radiant  energy  recently  discovered. 
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SOIL    MATERIALS. 
MINERALS. 


The  grains  of  sand,  silt,  and  clay  contained  in  all  soils  consist  of  a 
large  number  of  minerals,  such  as  are  also  common  to  and  make  up 
the  bulk  of  all  common  rocks,  and,  in  addition,  of  very  insoluble  de- 
composition or  alteration  products.  If  a  small  sample  of  soil  is 
thoroughly  washed  by  decantation,  being  repeatedly  pestled  or  vio- 
lently shaken  in  a  bottle. with  the  water  so  as  to  loosen  all  the  grains 
and  wash  out  the  fine  material,  or  if  it  is  merely  acted  upon  by  a  dilute 
acid  to  remove  the  highly  colored  iron  compounds,  the  variety  of 
color  and  of  form  to  be  seen  with  the  naked  eye  or  with  a  hand  lens 
will  indicate  the  variety  of  mineral  constituents.  The  common  rock- 
forming  and  soil-forming  minerals  are — 


Quartz. 

Pyroxenes. 

Limonite — Turgite  series. 

Chlorltes. 

Hematite. 

Tourmaline. 

Kaolin  or  kaolinita 

Rutile. 

Feldspars. 

Calcite. 

Micas. 

Dolomite. 

Apatite. 

Selenite. 

Hornblendes. 

Zeolites. 

These  minerals  contain  potash,  phosphoric  acid,  lime,  magnesia, 
and  other  mineral  plant  food.  The  way  these  plant  food  constitu- 
ents go  into  solution  and  the  way  the  concentration  of  the  solution 
or  the  soil  moisture  is  maintained  at  all  times  nearly  constant  and 
sufficient  for  plants  is  one  of  the  most  interesting  subjects  that  has 
been  investigated  by  the  bureau.  It  is  fundamentally  important  and 
has  completely  changed  the  point  of  view  of  soil  investigators,  lead- 
ing to  important  lines  of  work  which  are  clearing  up  the  very  intri- 
cate problems  of  soil  fertility.  The  investigations  referred  to  are  on 
the  solubility  and  absorptive  power  of  the  soil  components. 


SOLUBILITY  OF  SOIL   MINERALS. 


The  common  soil  minerals  given  in  the  above  list  have  been  con- 
sidered and  are  in  fact  very  slightly  soluble.  They  are  of  a  similar 
order  of  solubility  as  ordinary  glass,  which  in  household  use  and  even 
too  often  in  our  laboratories,  until  in  recent  years,  we  have  considered 
practically  insoluble.  But  it  was  found  that  in  the  finely  divided 
condition  in  which  these  minerals  pxist  in  the  soil,  where  an  enormous 
surface  is  presented  upon  which  the  water  acts,  the  solution  quickly 
becomes  saturated  with  the  mineral  plant  food  elements,  and  that  the 
25  parts  of  potash  per  million  of  solution  and  the  10  parts  of  phos- 
phoric acid  which  would  be  dissolved  in  this  water  is  ample  for  the 


NATUBE  AND  PROPEBTIES  OF   THE  SOIL.  9 

needs  of  the  plants,  provided  this  concentration  is  maintained  as  the 
plants  feed.® 

The  solubility  of  each  mineral  in  the  water  and  in  connection  with 
a  mixture  of  so  many  different  kinds  of  minerals  as  are  found  in 
soils  makes  the  concentration  and  composition  of  the  solution  nearly 
the  same  for  all  soils.  Finally,  as  the  mineral  plant  food  constituents 
are  withdrawn  by  the  growing  plant  the  minerals  readily  give  up  to 
the  solution  sufficient  to  restore  the  saturated  condition  with  respect 
to  the  various  minerals.  So  long  as  there  remains  in  the  soil  any  of 
the  solid  mineral  the  amount  that  goes  into  solution  and  the  influence 
of  this  on  the  solubility  of  other  minerals  would  be  quite  independent 
of  the  quantity  of  the  mineral  in  the  soil,  except  for  disturbing  influ- 
ences which  will  be  discussed  later. 

An  illustration  or  two  may  make  this  clear.  If  a  teaspoonful  of 
water  is  poured  into  a  barrel  of  salt  sufficient  salt  dissolves  to  make  a 
saturated  solution.  If  a  cup  full  of  water  be  then  poured  in,  suffi- 
cient salt  dissolves  to  saturate  this  also,  and  so  while  anv  solid  salt 
remains  the  solution  will  be  of  constant  concentration,  regardless  of 
the  amount  of  salt  or  the  amount  of  water.  Salt  is  so  very  soluble  in 
water,  however,  that  one  part  of  water  will  carry  in  solution  over 
one-third  of  its  weight  of  conunon  salt,  so  that  it  would  not  take  any 
very  large  quantity  of  water  to  entirely  dissolve  the  barrel  of  salt, 
but  in  the  combinations  in  which  the  minerals  occur  in  the  soil  the 
soda  and  potash  are  so  very  insoluble  that  it  requires  about  1,000,000 
parts  of  water  to  bring  into  solution  25  parts  of  potash. 

Two  calculations  will  show  how  this  applies  to  the  soil.  With 
1,000,000  pounds  of  water  in  contact  with  5,000,000  pounds  of  soil  the 
solution  will  contain  25  pounds  of  dissolved  potash,  although  the 
actual  amount  of  potash  in  the  soil  may  vary  from  30,000  pounds  in 
one  soil  to  120,000  pounds  in  another. 

Fari%  per  million  of  potash  and  phosphoric  acid  in  solution  toith  a  constant 
amount  of  water  on  a  fixed  quantity  of  soil  of  various  compositions. 


Constituents. 


I. 


Water 

Potash,  p.  p.  m 

Phosphoric  acid,  p.  p.  m. 

Total  soil 

Potash  reserve 

Phosphoric-acid  reserve. 


1.000,000 
26 
10 

5,000,000 

30.000 

6,000 


II. 


1,000,000 
25 
10 

5,000,000 
60,000 
10,000 


in. 


1,000,000 
25 
10 

5,000,000 

120.000 

20,000 


If  in  another  case  a  soil  of  constant  composition  is  moistened  with 
successive  quantities  of  water  the  concentration  of  the  solution  will 


"The  solubility  and  bydrolysis  of  soU  minerals  have  been  fully  discussed  in 
Bulletin  30  of  tbis  Bureau. 
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be  the  same  with  each  amount  of  water,  although  the  actual  amount 
of  potash  dissolved  from  the  soil  will  vary  with  the  amount  of  water. 


Parts  per  million  of  potash  and  phosphoric  acid  (a)  in  solution,  and  (b)  based 
on  dry  weight  of  soil  with  varying  amounts  of  water  and  a  constant  amount 
of  soil  of  constant  composition. 


Confitituent. 


I. 


(a)  Solution: 

Water 

Potash,  p.  p.  m , 

Phosphoric  acid,  p.  p.  m  .. 

(b)  Drv  soil: 

Total  fM>ll , 

Total  potash 

Total  phosphoric  acid 

Dissolved  potash 

Dissolved  phosphoric  acid . 


1,000,000 
25 
10 

5,000,000 

90,000 

5,000 

25 

10 


III. 


250,000 
25 
10 

5,000,000 
30,000 
5,000 
6.25 
2.5 


Finally,  the  composition  of  three  soils  is  given,  showing  the  amount 
of  potash  in  reserve,  the  amount  of  potash  in  the  solution,  and  all 
other  mineral  material  going  to  make  up  a  million  parts  of  soil.  The 
same  thing  is  shown  for  the  phosphoric  acid. 

Potash  and  phosphoric  acid  dissolred  in  the  moisture  of  a  soil  containing  20 

per  cent  of  water. 


Constituent. 


I. 


II. 


III. 


(a)  Solution: 

Potash  in  solution. 
Potash  in  reserve. , 
Other  soil  material 


5 

6,000 

993,995 


5 

12,000 

987,995 


5 

24,000 
975,996 


iy>tal 


1,000.000 


1,000,000  I        1,000,000 


(6)  Dry  soil: 

Phosphoric  acid  in  solution 
Phosphoric  acid  in  reserve . 
other  soil  material 


Total 


2 

1,000 

998,998 


2 
2,000 
997.998  ! 


2 

4,000 

995,998 


1,000,000  1,000,000 


1.000,000 


The  initial  rate  of  solution  is  so  rapid  that  in  a  very  short  time 
after  the  water  is  mixed  with  the  soil  the  solution  is  nearly  saturated 
and  will  take  up  but  very  little  more  if  it  is  left  in  contact  for  days  or 
months. 

If  this  potash  is  removed  by  plants,  no  sensible  change  in  concen- 
tration takes  place,  as  more  immediately  goes  into  solution.  This 
can  be  illustrated  in  a  very  beautiful  way  with  a  special  form  of 
porous  cell  containing  a  small  quantity  of  soil.  By  electrical  endos- 
mose,  a  slow  stream  of  water  drops  continuously  for  months,  carry- 
ing measurable  quantities  of  potash ;  and  phosphoric  acid  collects  in 
the  other  compartment. 

That  the  potash,  phosphoric  acid,  and  other  plant  food  constituents 
resulting  from  the  solubility  of  these  minerals  are  available  to  plants, 
without  any  further  change  due  to  the  weathering  and  decomposi- 


NATURE   AND  PROPERTIES   OF   THE  SOIL..  11 

tion  of  the  minerals,  as  we  formerly  thought  necessary,  can  be  proved, 
as  has  been  done  repeatedly  by  growing  plants  to  maturity  in  solu- 
tions so  prepared. 

ABSOBFTION. 

There  is,  however,  another  very  important  property  of  solids  in 
contact  with  liquids  which  tends  to  control  the  concentration  of  the 
soil  solution  and  to  prevent  undue  waste  of  material,  namely,  the 
power  the  soil  grains  have  of  absorbing  and  holding  on  to  dissolved 
salts.  On  the  surface  of  a  mineral  particle  moistened  with  water 
there  is  a  pressure,  which  has  been  variously  estimated  at  from  6,000 
to  25,000  atmospheres,  and  which  may  be  conservatively  estimated 
as  at  least  10,000  atmospheres,  or  150,000  pounds  per  square  inch, 
acting  at  an  inconceivably  small  distance  from  the  solid  surface. 
Ten  thousand  atmospheres  or  150,000  pounds  per  square  inch  is  ap- 
proximately 15  times  the  muzzle  pressure  of  a  12-inch  gun  (fig.  1). 
Under  this  surface  pressure  the  concentration  of  the  solution  is  enor- 
mously increased  in  the  surface  film,  and  chemical  changes  and  reac- 
tions may  take  place  which 
are  impossible  to  bring  about 

under    laboratory    conditions           \  yFifm       ^^'^  prt^ssure 
With  solutions  m  beakers.  :^Ly    u />c/ono/^  _..!-/ 


Fig.  1. — Film  pressure. 


' /SQOOO pounds  per  sfuw^ 

An   example   will    at    once  /  woJ  or  /s  tim^^  the  muzzfe 

illustrate  the  power  and  sig-     _,^^^        pre^<^ure  of  o /2'snch  yon. 

nificance  of  this  absorptive 
action.  A  solution  of  a  very 
soluble  potash  salt  was  passed  very  slowly  through  some  soil  until 
the  soil  had  absorbed  4,000  parts  per  million  of  its  weight  of  potash, 
after  which  fresh  water  was  passed  through  the  soil,  and  the  solu- 
tion draining  off  was  found  to  have  the  same  concentration  as  before 
the  soluble  potash  salt  was  introduced.  The  same  thing  occurred 
with  a  soluble  phosphate.  That  this  may  not  be  a  chemical  change 
is  indicated  by  the  fact  that  certain  organic  dyestuffs  dissolved  in 
water  will  be  similarly  withheld  by  soils  and  will  not  be  given  up 
to  fresh  water,  but  will  readily  come  out  again  by  passing  alcohol 
through  the  soil. 

This  absorptive  power  varies  greatly  with  different  soils  and  with 
different  minerals,  and  varies  for  different  substances  or  parts  of  sub- 
stances: It  is  stronger  for  potash  than  it  is  for  chlorine,  and  a  weak 
solution  of  potassium  chloride  passed  slowly  through  a  soil  comes 
through  acid  with  hydrochloric  acid,  the  soil  having  retained  more  of 
the  potash  than  of  the  chlorine.  If  some  silver  nitrate  is  passed 
slowly  through  finely  divided  charcoal,  the  salt  is  decomposed  by  this 
selective  absorption,  some  free  nitric  acid  comes  through,  and  small 
spangles  of  silver  can  be  seen  in  the  charcoal. 
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On  account  of  this  absorbing  power  it  is  altogether  unlikely  that 
fertilizers  applied  to  soils  in  ordinary  amounts  will  noticeably  in- 
crease the  concentration  of  the  free  water  in  the  soil,  as  appears  from 
the  diagram  (fig.  2),  in  which  the  curve  representing  absorption  rises 
in  practically  a  straight  line  until  a  high  concentration  is  reached, 
when  more  and  more  of  the  salt  g6es  into  the  free  solution.  The  line 
F  marks  the  possible  increase  of  concentration  represented  by  an 
ordinary  application  of  fertilizer,  which  is  seen  to  be  far  below  the 
absorptive  capacity  of  the  soil. 

As  there  must  always  be  a  certain  distribution  between  the  amount 
of  mineral  matter  absorbed  and  the  quantity  in  the  free  solution, 


I 


ATaferia/  in  solution  in  soi/  moisture. 

Fio.  2. — Absdtption  of  salts  by  a  soil. 

and  as  this  under  ordinary  conditions  leaves  about  25  parts  per 
million  of  potash  in  the  free  solution,  with  an  enormous  reserve 
supply  in  the  minerals  themselves,  it  can  readily  be  seen  what  an 
important  factor  this  absorption  is  in  regulating  the  concentration 
of  the  soil  moisture.  In  attempting  to  study  the  relation  of  alkali 
soils  to  vegetation,  an  artificial  mixture  was  made  by  adding  1  per 
cent  of  sodium  carbonate  to  one  of  our  eastern  soils.  No  appreciable 
amounts  of  the  salt  could  be  found  in  an  aqueous  extract  of  it  made 
subsequently,  and  plants  grew  well  in  the  soil,  whereas  natural  alkali 
soils  showing  0.20  per  cent  of  this  salt  are  fatal  to  most  plants. 

It  has  been  said  that  with  the  enormously  high  pressure  on  the 
surface  film  chemical  changes  may  take  place  in  soils  which  are  not 


NATUBE  AND  PROPEETIES   OF   THE  SOIL.  13 

possible  in  the  laboratory,  and  there  is  evidence  to  indicate*  that 
under  ordinary  conditions  of  temperature  minerals  which  haye  not 
been  formed  in  the  laboratory  actually  form  in  the  soil.  The  ma- 
terial for  these  minerals  may  come  from  great  distances  or  from 
great  depths,  as  a  result  of  the  slow  but  profound  movement  of 
ground  waters.  Too  little  consideration  has  been  given  to  this  sub- 
ject of  the  range  of  movement  of  soil  moisture.  It  is  of  the  utmost 
importance  in  considering  the  permanency  of  soil  fertility. 

TEXTUBK  OF   SOILS. 

Having  discussed  the  solubility  of  the  minerals  and  their  absorp- 
tive powers  as  a  means  of  supplying  the  mineral  plant  food  in  the 
proper  concentration  for  the  use  of  crops,  we  will  now  consider  the 
size  of  the  mineral  particles  as  determining  the  soil  texture,  which 
influences  alike  the  relation  to  moisture  and  the  chemical  changes 
taking  place  through  oxidation,  especially  of  the  organic  bodies  in 
the  soil.  The  texture  of  the  soil  is  expressed  in  the  mechanical  analy- 
sis by  a  separation  into  seven  grades,  the  sizes  of  which  are  arbi- 
trarily fixed.  The  results  of  the  analysis  show  the  percentages  of 
sand,  silt,  and  clay. 

The  texture  determines  to  a  large  extent  the  relative  power  of  soils 
to  hold  water.  Under  equal  conditions  of  depth  and  exposure  coarse- 
grained soils  hold  less  moisture  and  more  air  than  fine-grained  soils, 
so  that  taken  as  a  whole  they  contain  less  solution,  and  consequently 
a  smaller  quantity  of  nutrient  material  in  solution.  They  also  have 
generally  a  lower  absorptive  capacity  and  presumably  permit  a  much 
more  rapid  and  at  times  possibly  an  excessive  oxidation. 

When,  aside  from  texture,  the  physical  and  chemical  properties  of 
the  soil  and  its  method  of  formation  are  alike,  we  have  what  we  call 
a  soil  series,  extending  from  the  coarse  gravelly  or  sandy  soils  on 
the  one  side  to  the  finer  silt  and  clay  soils  on  the  other,  and  in  such 
a  series  the  texture  of  the  soil  determines  the  distribution  of  crops. 

It  would  be  a  comparatively  simple  matter  to  compare  and  classify 
soils  according  to  the  mechanical  analysis  or  texture,  but  this  stand- 
ard alone  is  not  sufficient,  and  the  problem  is  in  reality  a  very  difficult 
thing,  for  in  working  out  the  relation  of  the  soils  to  crops  other  fac- 
tors enter  which  must  be  recognized  in  the  correlation.  One  of  the 
most  important  of  these  is  the  structure  or  the  arrangement  of  the 
mineral  matter.  In  some  soils  the  mineral  particles  have  a  granular 
arrangement  of  flocculated  masses,  making  the  soil  loose  and  porous. 
In  others  the  grains  appear  to  have  no  such  coherency,  but  exist  in  a 
compact  form,  making  the  soil  hard  and  compact.  We  also  have  the 
gumbo  and  adobe  soils  and  others  that  are  exceedingly  plastic.  Then, 
again,  the  amount  and  character  of  the  organic  matter  influences  not 
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only  the  productive  capacity  of  the  soil,  but  its  adaptation  to  crops, 
while  the  color  of  the  soil  has  to  be  considered  as  indicative  of  certain 
obscure  chemical  or  physical  relations  that  influence  the  adaptation 
and  productivity.  The  drainage  features  also  come  in,  often  with 
material  influence  on  the  organic  constituents,  on  the  aeration,  and  on 
oxidation  processes.  These  factors  all  tend  to  make  the  correlation 
of  the  soils  and  the  determination  of  their  proper  utilization  and  man- 
agement a  complicated  matter.  There  are  also  differences  shown  in 
the  relation  of  soil  types  to  crops  under  different  climatic  conditions, 
the  reasons  for  which,  while  fairly  well  understood  from  our  recent 
investigations,  would  hardly  find  a  place  in  a  paper  of  this  kind. 

WATER. 

As  soon  as  water  is  introduced  into  the  soil,  whether  by  rain  or  by 
irrigation,  it  obeys  certain  physical  laws  which  tend  to  bring  about 
new  equilibrium  conditions.  The  soil  moisture,  with  its  dissolved 
mineral  substances,  forms  the  nutrient  solution  for  the  support  of 
plants.  We  have  seen  how  this  material  is  obtained  and  how  the 
concentration  of  the  solution  is  maintained.  We  have  now  to  see 
how  this  solution  moves  in  the  soil  to  supply  the  needs  of  the  plant, 
which  is  fixed  in  its  position  and  can  not  move  around  in  search  of 
water,  as  most  animals  can.  Water  may  be  contained  in  the  soil  in 
four  different  ways  or  conditions,  in  each  condition  exhibiting  mark- 
edly different  physical  properties  and  peculiarities.  These  are  com- 
bined water,  or  water  of  hydration,  hygroscopic  water,  capillary 
water,  and  gravitational  water. 

CAPILLARY    WATER. 

The  distinction  between  capillary  and  gravitational  water  in  soils 
is  by  no  means  closely  defined.    Briggs"  gives  this  definition: 

Gravitational  water  is  that  iK)rtiou  which  Is  in  excess  of  the  amount  which 
the  soil  is  able  to  retain  under  existing  conditions,  and'  is  consequently  free  to 
drain  away.  The  capillary  water  is  that  part  which  w^ould  be  retained  In  the 
capillary  spaces  under  thene  conditions  and  which  is  cai)able  of  movement  under 
capillary  action.  The  hygroscoi)ic  water  is  that  found  on  the  surface  of  the 
grains,  which  is  not  capable  of  movement  through  the  actions  of  gravity  or 
capillary  forces. 

The  capillary  water  is  the  principal  source  of  supply  of  water  to 
plants,  and  of  the  supply  of  mineral  plant  food  constituents  also, 
and  is  probably  the  seat  of  important  biological  changes  in  the  soil. 
On  the  other  hand,  it  undoubtedly  plays  an  important  part  by  carry- 
ing material  from  place  to  place  in  the  soil  and  possibly  in  other 
ways. 

«  Bulletin  No.  10,  Bureau  of  Soils,  United  States  Department  of  Agriculture. 
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The  relative  amount  of  capillary  water  held  by  soils,  other  things 
being  equal,  is  dependent  upon  the  texture  or  size  of  the  mineral  par- 
ticles and  their  arrangement,  the  depth  of  soil  and  facilities  for  drain- 
age, and  the  amount,  kind,  and  conditions  of  the  organic  matter. 
There  is  what  we  call  the  optimum  or  best  amount,  which  varies  with 
each  soil.  It  ranges  from  about  20  per  cent  of  the  weight  of  dry 
clay  soil  and  very  much  more  for  peat  and  muck  soils  to  4  per  cent 
for  some  sandy  soils.  An  important  investigation,  just,  completed, 
indicates  that  this  optimum  is  a  critical  point  for  several  of  the  im- 
portant properties  of  soils. 

At  about  80  per  cent  of  the  optimum  occurs  the  drought  limit,  at 
which  point  plants,  unless  especially  protected  by  their  structure  as 
certain  desert  plants  are,  suffer  through  loss  of  turgidity  and  finally 
collapse,  probably  not  because  they  are  unajble  to  obtain  water  from 
soils  of  that  water  content,  but  because  the  root  removes  water  more 
rapidly  from  the  surrounding  soil  than  the  water  moves  in  the  soil. 
Certainly  seeds  and  probably  plants  have  as  great,  if  not  greater, 
absorptive  power  for  water  than  soils  have.  Air-dry  seeds  con- 
taining on  an  average  about  14  per  cent  of  water,  if  crowded  into 
an  equal  weight  of  soil  of  optimum  water  content,  after  two  days 
will  leave  the  soil  in  an  air-dry  condition.  A  lima  bean  absorbs 
something  over  100  per  cent  of  its  weight  of  water  during  germina- 
tion. A  single  large  lima  bean  introduced  into  a  soil  with  the  water 
content  at  or  near  the  drought  limit  will  completely  air  dry  a  thin 
layer  of  soil  adjacent  to  its  surface,  yet  fail  to  germinate  for  lack  of 
sufficient  moisture,  although  the  soil  as  a  whole  contains  as  much  as 
15  per  cent  of  its  v^eight  of  water.  This  formed  a  very  interesting 
investigation  by  the  Bureau  reported  in  Bulletin  23,  in  which  it  was 
shown  that  somewhat  below  the  optimum  the  rate  of  movement  be- 
comes so  slow  as  to  be  almost  negligible.  There  are  interesting  lines 
of  research  still  in  all  these  fields. 

OTHER  FORMS  OF  WATER. 

The  water  of  hydration,  which  is  chemically  combined  with  the  min- 
erals, probably  in  the  state  of  a  solid  in  the  mineral,  is  apparently  of 
little  direct  nge  to  plants  in  humid  climates.  We  know,  however,  that 
under  t^ain  conditions  dead  and  decaying  organic  matter  does 
avail  itself  of  the  oxygen  of  the  minerals,  reducing  the  degree  of 
oxidation,  and  there  is  reason  to  believe  that  it  may  also  dehydrate 
certain  minerals.  Indeed,  it  has  recently  been  suggested  that  cer- 
tain desert  plants  may,  under  certain  conditions,  avail  themselves  of 
water  gathered  from  such  a  source.  Under  certain  conditions  water 
so  held  may  play  an  important,  but,  under  ordinary  conditions,  a 
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minor  part  in  the  soil  economy  through  the  chemical  changes  inci- 
dent to  the  decay  of  organic  matter.  The  question  certainly  deserves 
more  study  than  it  has  had. 

The  hygroscopic  moisture  is  that  which  adheres  to  an  air-dried 
soil.  Owing  to  the  enormous  force  with  which  it  is  held  by  the  soil 
grains  and  the  high  concentration  of  dissolved  mineral  salts  due  to 
this  stress,  it  undoubtedly  plays  an  important  part  in  the  chemical 
changes  which  take  place.  It  has  long  been  known  that  soils  are 
particuarly  productive  after  a  long  and  excessive  drought,  and  this  is 
possibly  due  to  the  destruction  of  certain  organic  bodies  in  the 
high  concentration  of  the  surface  film.  Under  ordinary  atmospheric 
conditions  loams  and  clay  soils  contain  as  much  as  from  4  to  8  per 
cent  of  their  weight  of  hygroscopic  moisture  and  soils  rich  in  organic 
matter  frequently  much  more  than  this. 

The  gravitational  water  marj^s  an  excess  for  most  soils  and  is  harm- 
ful rather  than  beneficial  to  most  crops.  However,  in  certain  light 
sandy  soils  in  low-lying  position  the  beneficial  effects  of  the  retention 

of  water,  which  in  other  positions  would  be  harmful  as  gravitational 
water,  is  seen. 

EVAPORATION. 

At  and  above  the  optimum  water  content  evaporation  from  soils  is 
relatively  very  rapid.  Below  this  point  there  is  a  marked  change 
and  the  evaporation  becomes  very  much  slower  and  to  a  large  extent 
takes  place  within  the  soil,  instead  of  from  the  surface,  the  vapor 
coming  out  by  the  slow  process  of  diffusion.  A  dry  surface  mulch,  in 
which  the  capillary  movement  of  water  is  exceedingly  slow,  conserves 
the  moisture  below  by  protecting  from  surface  evaporation.  Evap- 
oration within  the  soil  may  take  place  at  considerable  depths  and  is 
a  much  more  important  factor  than  was  formerly  supposed. 

BOIL  ATMOSPHERE. 

The  soil  atmosphere  is  considerably  richer  in  carbonic  acid  gas  and 
nitrogen  than  is  the  atmosphere  above  the  soil.  This  results  mainly 
from  the  consumption  of  oxygen  in  the  oxidation  of  organic  matter 
and  the  consequent  liberation  of  carbon  dioxide,  which  tends  to  diffuse 
out  and  to  come  into  equilibrium  with  the  free  atmosphere.  The 
diffusion  process  is  slow,  especially  at  considerable  depths,  and  with 
many  crops  cultivation  is  necessary  to  secure  more  perfect  aeration. 
So  acute  is  the  need  of  oxygen  in  some  soils  and  under  certain  condi- 
tions of  compactness  and  lack  of  drainage  that  the  decaying  roots  and 
other  forms  of  organic  matter  may  deoxidize  the  soil  minerals,  as  is 
apparent  from  the  change  of  color  of  the  soil. 
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NONLIVING  ORGANIC   MATTES. 

Less  is  known  about  the  nature  of  the  organic  constituents  than 
about  the  mineral  constituents  of  the  soil.  All  kinds  of  animal  and 
plant  remains  and  their  decomposition  products  are  liable  to  occur  in 
the  soil.  The  great  problems  of  chemistry  of  the  soil  will  probably 
be  found  in  a  study  of  its  organic  constituents. 

The  color  of  a  soil  is  not  a  sure  indication  of  the  amount  of  organic 
matter  which  it  contains.  Some  characteristically  black  soils  have 
less  organic  matter  than  some  of  the  red  or  yellow  soils.  This  ap- 
pears to  be  a  question  of  the  condition  of  the  organic  matter,  resulting 
from  different  processes  of  decay.  In  some  soils  it  breaks  down  into 
a  black  product,  the  kind  of  material  which  we  recognize  by  the 
undefined  term  "  humus."  In  other  soils  the  material  is  of  a  much 
more  neutral  tint  or  even  colorless.  Such  soils  usually  yield,  how- 
ever, an  intensely  black  solution  when  extracted  with  a  dilute  alkali, 
especially*  on  standing  in  contact  with  the  air. 

A  high  degree  of  lasting  fertility  is  usually  associated  with  black 
soils,  and  they  are  usually  considered  more  productive  than  yellow, 
red,  or  brown  soils,  but  many  notable  exceptions  to  this  rule  are 
known.  The  trouble  often  experienced  in  obtaining  satisfactory 
crops  on  newly  reclaimed  swamp  land  and  fresh  muck  suggests  itself 
as  an  example ;  also  the  high  productive  capacity  of  the  brown  or  red 
soils  of  the  Hagerstown  series  of  central  Pennsylvania  and  the  Indian 
red  soils  of  the  Penn  series  in  New  Jersey.  The  density  of  black,  as 
also  the  shade  of  color  of  the  mineral  matter  of  the  soil,  will  often 
indicate  to  a  trained  observer  differences  in  soils  which  mark  decided 
differences  in  crop  adaptation..  The  reason  for  this  forms  one  of 
the  most  interesting  fields  of  investigation  and  one  of  great  economic 
importance. 

AGENCIES   IN    SOIL   FOR3IATION. 
PLANTS. 

In  view  of  the  evidence  presented  by  recent  investigations  of  the 
Bureau  it  can  no  longer  be  doubted  that  plants  produce  waste  products 
which,  unless  removed  or  altered  in  the  soil,  may  become  harmful  or 
toxic  to  other  plants  of  allied  species.  Organic  bodies  highly  toxic 
to  wheat  have  been  separated  from  the  soil  in  which  wheat  has 
recently  been  grown,  though  the  soil  did  not  contain  these  bodies 
before  the  wheat  was  planted.  WTieat  immediately  replanted  upon 
the  soil  which  was  shown  to  contain  these  products  made  only  half  the 
gi'owth  that  a  first  crop  made,  while  some  of  the  organic  matter  intro- 
duced into  an  otherwise  suitable  nutritive  ^lution  likewise  impaired 
the  growth  of  w^heat.     The  incompatibility  of  numerous  plant  asso- 
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ciations,  for  example,  weeds  and  crops,  grass  and  trees,  we  now  be- 
lieve to  be  due  to  the  excretion  of  one  plant  inhibiting  the  growth  of 
another,  unless  the  conditions  in  the  soil  are  favorable  to  the  rapid 
removal  or  change  of  the  substances  so  formed.  The  mode  of  growth 
of  roots  and  their  corking  over  show  us  how  a  plant  may  protect  itself 
from  its  own  excreta  and  why  a  replanted  specimen  of  the  same  spe- 
cies grown  on  what  must  now  be  considered  a  contaminated  soil  can 
not  protect  itself  from  the  excretion  of  the  plant  which  has  recently 
occupied  the  spot.  In  the  fact  that  some  varieties  of  plants  appear  to 
be  not  at  all  affected  by  the  excreta  of  other  plants,  and  may  even 
help  to.  destroy  such  excreta,  we  have  the  reason  for  the  beneficial 
effects  of  rotation  of  crops. 

BACTERIA* 

The  great  scavengers  of  the  soil  are  those  bacteria  whose  office 
seems  to  be  to  work  over  and  change  the  organic  remains  of  plants 
and  animals.  Under  certain  soil  conditions  forms  of  bacteria  thrive, 
which,  through  their  products,  change  and  purify  the  soil  while 
the  crop  is  growing  and  after  the  crop  is  harvested.  Under  other 
conditions,  however,  other  forms  of  bacteria  flourish,  and  bring 
about  the  production  of  substances  very  toxic  to  plants.  Such  con- 
ditions probably  prevail  in  the  subsoil,  and  this  explains  the  in- 
jurious effects  often  seen  in  turning  up  too  much  of  the  subsoil  in 
plowing.  Association  of  certain  forms  of  higher  plants  and  associa- 
tions of  bacteria  are  killed  by  accumulation3  of  their  own  excreta, 
and  bacteria  are  influenced  by  the  excreta  of  other  forms,  as  the 
higher  plants  are. 

MOLDS  AND  FUNOI. 

The  action  of  molds  and  fungi  in  the  soil  may  frequently  be 
beneficial  to  plants,  but  it  has  been  shown  that  their  products  or 
excreta  are  often  very  detrimental  and  toxic.  This  seems  to  be 
the  explanation  of  "  fairy  rings,"  and  recent  investigations  ap- 
pear to  show  other  cases  of  toxic  products  in  the  soil  arising  from 
the  action  of  molds  on  the  living  or  dead  organic  matter  of  the  soil. 
Associations  of  molds  and  bacteria  are  generally  incompatible.  The 
humus  extracted  from  soils  appears  to  be  sterile  to  bacteria,  but  is 
readily  attacked  by  molds  under  conditions  suitable  for  their  growth. 

ENZYMES. 

Enzymes  are  undoubtedly  essential  in  the  fermentation  of  organic 
matters  and  the  production  of  new  organic  compounds.  They  play 
a  very  important  part  in  the  fermentation  of  manure  and  the  prepa- 
ration of  it  for  its  best  effects  on  certain  soils.  They  also  play  an  im- 
portant part  in  the  decay  of  green  manures  in  the  soil.    Finally,  the 
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characteristic  reactions  for  enzymes  may  be  obtained  from  many 
soils.  Enzymes  are  active  oxidizing  or  reducing  agents,  but  what 
part  they  play  in  the  sanitation  of  the  soil  besides  the  functions 
indicated  is  not  clearly  understood,  as  the  subject  has  not  been  specific- 
ally studied. 

BADIANT  ENERGY. 

Very  little  recent  progress  has  been  made  in  the  study  of  the  vari- 
ous forms  of  radiant  energy  upon  the  soil  or  upon  the  problems  of 
soil  fertility.  Heat,  it  is  known,  has  an  important  effect  upon 
soil  changes,  but  how  and  to  what  extent  it  influences  the  soil  and 
with  what  results  is  not  clearly  understood.  It  has  been  suspected 
that  various  forms  of  electrical  energy  may  be  effective  also  in  the 
economy  of  the  soil,  and  recently  it  has  been  suggested  that  the  vari- 
ous recently  discovered  forms  of  radiant  energy  may  have  some  part 
to  play,  but  how  or  to  what  extent  is  not  even  conceived  at  this  time. 

FEBTILIZEB8  AND  MANURES. 

Organic  manures  are  active  oxidizing  or  reducing  agents  according 
as  they  give  oxygen  to  or  take  it  from  other  bodies,  in  either  case 
tending  to  break  down  into  the  simplest  compounds  and  so  to  aid  in 
the  destruction  or  change  of  the  organic  matters  in  the  soil.  In  this 
way  they  operate  to  improve  the  sanitary  conditions  of  the  soil. 
While  it  appears  reasonable  to  expect  that  the  mineral  matter  con- 
tained in  the  manure  may  benefit  some  soils,  experiments  in  which  the 
organic  matter  and  mineral  matter  of  the  manure  were  separated  indi- 
cate that  the  main  beneficial  effect  is  derived  from  the  organic  portion. 
Nitrogenous  organic  material  has  a  beneficial  effect  on  soils  only 
when  decomposition  proceeds  in  a  certain  way  under  certain  favor- 
able conditions.  Other  plants  having  as  high  a  mineral  content  do 
not  in  their  decay  have  so  marked  a  beneficial  effect  on  the  soil.  The 
effects  of  manure  and  green  manure  on  the  soil  may  be  deleterious  to 
plants  during  the  initial  stages  of  decay,  but  become  beneficial  after 
a  few  days'  fermentation  or  decomposition  in  the  soil  under  proper 
conditions. 

Commercial  fertilizers,  as  we  have  seen,  do  not  increase  perma- 
nently the  concentration  of  the  free  moisture  in  the  soil,  but  are  ab- 
sorbed into  the  film  of  high  concentration  attached  to  the  soil  grains, 
the  seat  of  the  most  profound  chemical  activity.  It  appears  that 
fertilizers  act  upon  the  soil  rather  than  on  the  plant,  but  in  conjunc- 
tion Jjvith  the  plant  they  can  often  accomplish  more  good  in  improv- 
ing the  sanitary  conditions  of  the  soil  than  either  the  fertilizers  or 
the  plant  alone,  and  that  fertilizers  do  act  upon  and  render  less  harm- 
ful some  of  the  toxic  organic  bodies  liable  to  be  encountered  in  the 
soil.     Support  is  lent  to  this  view  by  the  importance  of  the  form  of 
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compound  and  the  proportion  of  the  fertilizer  ingredients.  All  of 
the  potash  salts  are  not  equally  effective  on  all  soils  or  with  all  plants. 
Some  of  the  potash  salts,  as,  for  instance,  the  iodide  of  potash,  are 
harmful  to  plants,  while  the  chloride  is  generally  less  safe  than  the 
sulphate.  The  nitrate  and  sulphate  of  ammonium  and  the  different 
forms  of  organic  nitrogen  used  have  different  effects,  even  when  used 
on  the  same  soil  for  the  same  crop.  The  conclusion  is  that  it  is  the 
compound  or  material  as  a  whole  that  determines  in  large  measure 
the  effects  which  will  be  produced,  rather  than  simply  the  amount  of 
potash,  nitrogen,  or  phosphoric  acid  which  the  substance  contains. 

These  matters  can  now  all  be  easily  and  exactly  studied  by  methods 
of  research  recently  devised,  and  there  is  no  line  of  study  more  in- 
teresting or  practical  than  those  presented  or  any  that  will  throw 
more  light  upon  the  practical  methods  of  soil  management. 

THE  CLASSIFICATION  OF  SOILS. 

MATERIAL. 

The  basal  material  of  the  soil,  as  we  have  seen,  is  an  aggrega- 
tion of  mineral  particles  of  various  sizes,  ranging  in  the  fine  earth 
from  2  mm.  in  diameter  to  a  size  so  small  as  to  be  hardly  distin- 
guished with  the  most  powerful  microscope.  The  difference  of  size 
of  the  particles  and  the  different  proportions  of  the  different  sizes 
give  rise  to  the  texture  and  influence  the  various  physical  properties, 
such  as  the  water-holding  power,  the  aeration,  etc. 

The  slight  solubility  of  the  minerals  and  their  high  absorptive 
capacity  provide  in  the  soil  moisture  a  dilute  nutritive  solution  of 
nearly  constant  concentration,  but  of  sufficient  strength  for  the  needs 
of  plants,  as  far  as  their  requirements  for  the  mineral  plant-food 
elements  is  concerned.  An  important  point,  and  one  which  has  been 
given  too  little  consideration  in  the  study  of  soils  in  the  past,  is  the 
very  wide  distribution  through  them  of  all  the  common  minerals 
and  the  tendency  under  such  conditions  as  prevail  for  all  chemical 
changes  to  produce  the  most  insoluble  products  consistent  with  the 
nature  of  the  material.  There  has  been  a  failure  to  appreciate  that 
under  equilibrium  conditions  there  is  always  a  definite  distribution 
between  the  substance  dissolved  and  the  solid  substances  in  contact 
with  the  solution. 

There  are  associated  with  the  minerals  of  the  soil  various  organic 
bodies  resulting  from  the  decay  of  former  vegetation  or  excreted  by 
growing  plants  which  affect  more  or  less  the  sanitary  conditions  of 
the  soil  and  its  healthfulness  for  crops.  Important  chemical  changes 
must  occur  in  disposing  of  this  waste  product  to  preserve  the  proper 
conditions  in  the  soil,  and  in  some  soils  such  sanitary  conditions  are 
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more  easily  maintained  than  in  others,  whether  we  refer  to  natural 
changes  within  the  soils  or  to  artificial  treatment.  Such  chemical 
properties  and  powers  appear  to  be  associated  in  some  way  not  at  all 
well  understood  with  the  mode  of  formation  or  deposition  of  the  soils 
as  well  as  with  the  character  of  the  material  from  which  the  soils 
have  been  derived. 

ROCKS    ANI>    SOILS. 

Soils  are  undoubtedly  formed  from  the  disintegration  and  decom- 
position of  rocks,  but  rocks  may  also  be  formed  from  the  consolida- 
tion of  soils.  These  may  again  break  apart  into  soils  and  l>e  again 
reconsolidated  into  rocks.  The  most  important  fact  in  this  connec- 
tion is  that  all  of  our  common  rocks  contain  practically  all  of  our 
common  rock-forming  minerals,  thougli  in  widely  varying  propor- 
tions. One  has  but  to  look  at  a  specimen  of  a  common  sandstone  or 
shale  to  see  the  plates  of  mica  and  other  forms  of  minerals  associated 
with  the  quartz.  We  find  the  same  minerals  in  the  sandstones,  lime- 
stones, and  shales  as  in  the  granites,  gneisses,  and  schists.  The  dif- 
ferences, aside  from  variations  in  the  relative  proportions,  appear  to 
be  that  one  set  is  formed  by  water  deposition  with  or  without 
pressure  under  ordinary  temperatures,  while  the  other  set  is  formed 
under  conditions  of  high  degi'ees  of  pressure  and  temperature. 
There  are  of  course  exceptions  in  the  case  of  any  pure  sandstone  as 
there  are  in  the  case  of  exceptionally  pure  forms  of  igneous  rocks. 
There  is  a  question  among  geologists  whether  what  we  consider  the 
oldest  crystalline  rocks  in  the  United  States  have  not  in  fact  been 
formed  by  consolidation  under  great  pressure  and  high  tempera- 
ture from  assorted  material  worked  over  from  still  older  and  more 
primitive  rocks. 

It  is  a  mistake  to  suppose  also,  as  we  often  do,  that  sandstones 
always  give  rise  to  sandy  soils.  Some  of  our  most  tenacious  clay 
soils  come  from  sandstone,  as,  for  instance,  the  Penn  clay  from  the 
Triassic  red  sandstone  rock. 

PHYSICAL    PROPERTIES   OF   THE    SOILS. 

The  most  obvious  of  the  physical  properties  of  a  soil  are  its  texture 

and  color,  both  of  which  indicate  important  soil  differences  influenc- 
ing crops. 

TEXTURE. 

The  texture  of  a  soil  is  determined  by  the  proportion  of  the  differ- 
ent-sized mineral  particles  it  contains.  This  proportion  is  determined 
by  the  method  of  mechanical  analysis,  in  which  the  soil  is  first  shaken 
for  a  long  time  in  water  to  separate  thoroughly  the  mineral  particles 
and  then  the  fine  material  washed  out,  this  being  still  further  divided, 
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utilizing  for  the  purpose  the  known  law  that  different-sized  particles 
subside  at  different  rates.  The  coarser  particles  are  separated  by 
means  of  sieves  with  different-sized  openings,  and  thus  the  soil  is 
finally  divided  into  seven  grades,  the  limits  of  which  are  arbitrarily 
fixed.**  From  the  relative  proportions  of  these  the  texture  of  the 
sample  is  determined. 

In  naming  a  soil  the  texture  of  the  surface  soil  and  of  the  subsoil 
to  a  total  depth  of  3  feet  in  the  humid  States  and  of  6  feet  in  the 
arid  States  is  taken  into  consideration.  We  have  soils,  therefore, 
with  a  sandy  surface  soil  and  a  clay  subsoil;  less  frequently  a  clay 
soil  and  a  sandy  subsoil.  We  have  soils  with  a  loam  top  soil  and  a 
clay  subsoil,  or  a  loam  top  soil  and  a  loam  subsoil.  Furthermore, 
in  the  descriptions  of  a  soil  in  each  area  surveyed  the  texture  and 
character  of  both  the  top  soil  and  the  subsoil  are  given,  so  that  when 
a  soil  is  specifically  referred  to  by  name,  as  for  example,  the  Norfolk 
sandy  loam,  the  term  "  soil "  in  this  sense  refers  to  the  entire  profile, 
induding  the  top  soil  and  the  subsoil. 

In  correlating  soils,  therefore,  and  deciding  that  the  soil  of  one 
place  is  similar  to  and  is  to  be  given  the  same  name  as  the  soil  of 
another  place,  we  must  take  into  account  first  of  all  the  texture  of 
the  entire  depth  of  3  or  6  feet,  as  the  case  may  be.  In  sampling  soils 
we  always  keep  separate,  for  the  purpose  of  mechanical  analysis,  the 
top  soil  and  the  subsoil,  and  if  the  subsoil  shows  two  phases  or  layers 
of  different  texture  we  separate  these  also.  The  experienced  Foil- 
survey  man  can  judge  very  accurately  of  the  texture  of  the  soil  ma- 
terial, but  even  his  judgment,  before  being  accepted,  is  always  con- 
firmed by  mechanical  analysis. 

Where  soils  have  a  common  origin  and  differ  only  in  texture 
and  are  alike  in  color  and  in  physical  properties  other  than  those 
effected  by  texture,  they  are  arranged  in  what  we  call  a  series,  having 
the  soil  generic  name  with  qualifying  textural  terms.  We  have, 
for  example,  the  Miami  gravelly  loam,  the  Miami  fine  sand,  the 
Miami  sandy  loam,  the  Miami  silt  loam,  and  the  Miami  clay  loam  as 
prominent  types  in  the  Miami  series.  In  this  particular  series  we 
have  fourteen  types,  and  possibly  two  or  three  other  types  will  be 
encountered.     In  the  Norfolk  series  we  have  twelve  types. 

Other  things  being  equal,  as  the  texture  varies  the  water-holding 
capacity  of  the  soil  will  also  vary,  the  light  sandy  members  of  the 
series  or  the  sandy  types  holding  on  the  average  not  over  4  per  cent 
of  water,  while  the  clay  members  at  the  other  end  of  the  series  will 
hold  20  per  cent  of  moisture.  With  this  difference  in  moisture  there 
is  a  corresponding  difference  in  the  soil  atmosphere  and  oxidation 
is  usually  much  more  rapid  in  the  sandy  members  than  in  the  clay 
members  of  a  series. 
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The  eflfect  of  differences  of  soil  texture  upon  the  adaptation  of  soils 
to  crops  and  upon  crop  production  is  well  known.  For  some  reason 
which  we  can  not  3^et  definitely  explain,  under  humid  conditions 
wheat  is  not  well  adapted  nor  will  it  produce  bountiful  crops  on 
the  sandy  members  of  a  series.  Early  spring  crops,  such  as  let- 
tuce, peas,  and  early  potatoes,  produce  good  yields  and  ripen  much 
earlier  in  these  sandy  soils,  and  as  a  rule  they^  are  adapted  to  these 
truck  crops.  In  the  Atlantic  Coast  States  corn  comes  next  in  be- 
ing best  adapted  to  the  loam  members  of  a  series,  then  wheat  on  the 
heavier  loam  and  clay-loam  members,  and  lastly,  grass  on  the  heavier 
clay  loams  and  clays.  This  is  a  general  statement,  to  which  there  are 
many  exceptions  on  account  of  modifying  conditions  which  will  be 
presently  discussed. 

In  the  low-lying  portions  of  the  Coastal  Plains,  where  drainage  is 
somewhat  deficient  and  the  capillary  water  content  of  the  Norfolk 
sand  is  supplemented  by  a  suitable  amount  of  gravitational  water, 
very  good  crops  of  wheat  are  produced  if  the  intensive  methods  used 
in  the  production  of  truck  crops  be  followed.  In  the  Middle  West, 
under  the  climatic  conditions  which  prevail,  corn  is  grown  on  the 
black  clay  loams  and  clays,  while  in  the  far  West,  under  the  climatic 
conditions  and  prevailing  methods  of  that  region,  the  influence  of  the 
texture  of  the  soil  is  not  so  apparent. 

"WTiere  the  structure  of  soils  differs  for  some  natural  reason,  as,  for 
example,  where  they  run  together  and  form  a  compact  hard  mass  in  a 
dry  season,  or,  to  take  another  case,  maintain  a  loose  and  open  struc- 
ture, we  know  that  this  does  influence  in  some  way  the  drainage  condi- 
tions, the  conditions  of  aeration,  the  ease  of  root  penetration,  and  in 
general  those  processes  which  go  on  in  the  soil  and  make  for  those 
sanitary  and  physical  conditions  proper  for  crop  production.  Where 
such  differences  in  structure  are  observed,  even  if  the  texture  and 
color  of  the  material  is  the  same,  the  soils  are  not  put  into  the  same 
series,  but  are  placed  perhaps  in  another  series  having  similar  struc- 
tural peculiarities  or  for  the  present  are  thrown  into  a  miscellaneous 
and  unclassified  group. 

If  the  texture  and  structure  of  two  soils  is  the  same  and  one  differs 
in  a  marked  degree  from  the  series  color,  and  that  departure  is  fairly 
constant  and  typical  of  the  area  covered  by  the  soil,  this  soil  likewise 
is  thrown  out  of  the  series,  because  we  have  reason  to  know,  by  obser- 
vation of  the  growing  crops,  that  this  color  difference  stands  for  a 
difference  in  the  chemical  changes  which  go  on  in  the  soil  and  which 
are  necessary  for  the  welfare  of  certain  crops. 

In  the  classification  of  soils,  therefore,  the  texture  is  used  to  deter- 
mine the  place  in  the  series ;  the  structure  and  color  to  determine  what 
series  the  soil  can  be  correlated  with. 


24  SOILS   OF   THE   UNITED   STATES. 

COLOR   AS   INDICATIVE  OF   FERTILITY. 

Too  little  attention  has  been  given  to  what  appears  to  be  the  influ- 
ence of  color,  or  some  associated  properties  of  the  soil  which  deter- 
mine the  color,  on  the  yield  and  qualities  of  the  crop.  In  mapping 
the  soils  in  the  field  there  is  something  in  the  physical  aspect  which 
indicates  to  the  soil  expert  that  some  difference  will  be  found  in  the 
character  of  the  crops  produced  or  in  the  methods  of  cultivation  or 
fertilizers  required  to  produce  satisfactory  yields.  The  soils  are 
mapped  in  the  field,  usually  from  obvious  physical  difl'erences,  the 
laboratory  work  being  mainly  to  confirm  the  man's  judgment  as  to 
texture  and  to  investigate  properties  which  may  explain  observed  dif- 
ferences. It  is  not  wholly  a  matter  of  the  relation  of  the  soil  to 
water  which  influences  him  in  judging  of  the  structure,  for  the  field 
classification  of  soils  goes  on  in  all  seasons  and  the  soils  are  seen  in  all 
conditions  of  moisture,  from  excessively  wet  to  excessively  dry,  yet 
the  expert  can  at  all  times  tell,  by  an  examination  of  the  soil  material, 
the  differences  in  the  structure  and  the  relation  to  drainage,  and  can 
judge,  moreover,  of  what  can  be  accomplished  in  changing  the  condi- 
tions by  artificial  means. 

Careful  observation  has  shown  that  the  black,  red,  yellow,  blue, 
and  white  soils  of  the  Coastal  Plains  are  essentially  different  in 
their  properties  and  in  their  relation  to  the  yield  and  quality  of 
crops.  The  soil  man  knows  that  on  the  red  soils  of  the  Orangeburg 
series,  whether  the  Orangeburg  sandy  loam,  the  Orangeburg  loam, 
or  the  Orangeburg  clay,  he  will  get  a  tobacco  from  Cuban  seed 
which  has  a  certain  texture  and  a  certain  aromatic  quality  which 
can  not  be  •  obtained  from  the  same  seed  planted  oh  the  yellow 
soils  of  the  Norfolk  series,  in  adjoining  fields,  and  under  identical 
j  climate  conditions.    The  texture  of  the  soil  in  this  case  will  influence 

I  the  texture  of  the  leaf.    On  the  light  soils  of  the  Orangeburg  series 

he  will  know  that  the  product  will  be  a  thinner  leaf  and  that  on  the 
heavier  soils  of  the  same  series  the  leaf  will  be  heavier  and  contain 
more  gum,  but  will  have  the  same  aromatic  qualities.  On  the  yellow 
soils  of  the  Norfolk  series  in  our  South  Atlantic  and  Gulf  States  he 
will  get  the  finest  quality  of  wrapper  leaf  of  the  Sumatra  type,  with- 
out aroma,  with  little  gum,  but  with  an  elastic  texture  and  a  bright 
glossy  finish  which  can  not  be  equaled  on  the  red  Orangeburg  soils. 
Why  the  color  of  the  soil  should  indicate  this  is  not  apparent.  It 
does  not  seem  probable  that  it  is  due  to  the  actual  difference  in  color 
or  even  to  the  differences  in  oxidation  and  hydration  of  the  minerals 
which  occasion  the  color,  but  to  some  property  in  the  soil  which  de- 
termines that  under  similar  climatic  conditions  the  color  of  the  one 
soil  derived  from  the  same  material  of  the  Piedmont  Plateau,  laid 
down  so  far  as  we  know  under  similar  conditions,  shall  consistently 
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be  red,  while  the  soil  of  an  adjoining  field  may  be  yellow.  The  chem- 
ical properties  exhibited  in  the  differences  in  color  of  these  two  soils, 
so  far  as  we  can  now  see,  have  an  effect  upon  the  chemical  changes 
influential  on  the  quality  of  the  crop. 

That  color  is  to  a  considerable  degree  indicative  of  productiveness 
is  shown  also  by  the  change  which  takes  place  in  the  subsoil  between 
the  time  when  it  is  freshly  turned  up  and  when  brought  into  a  con- 
dition favorable  for  crops.  In  the  Atlantic  Coast  States,  particu- 
larly, it  is  not  imcommon  to  find  subsoils  deleterious  to  crops  if  too 
much  of  the  material  is  turned  up  at  any  one  time  by  the  plow,  and  it 
is  interesting  to  watch  a  skillful  gardener  improve  a  piece  of  raw 
land  of  such  character.  He  adds  a  little  manure  and  spades  it  in 
lightly,  and  still  the  soil  is  not  in  first-class  condition  for  a  crop. 
He  lets  this  lie  four  or  five  weeks  and  respades  and  finds  the  color 
gradually  and  slowly  changing.  It  may  take  three  or  four  years  to 
produce  a  fertile  soil  out  of  the  raw  piece  of  land  or  out  of  a  subsoil 
in  this  way,  and  his  experienced  eye  can  tell  from  the  color  changes 
the  rate  of  progress  with  which  the  change  is  taking  place.  The  gar- 
dener knows  that  bv  his  methods  of  soil  fermentation  and  bv  the 
increased  oxidation  brought  about  by  intelligent  methods  of  han- 
dling certain  changes  have  taken  place  in  what  was  formerly  the  raw 
subsoil  to  fit  the  material  for  crop  production.  In  this  case  it  is  not 
the  lack  of  organic  matter,  for  this  can  be  supplied  at  once,  but  it  is 
the  form  or  the  condition  of  the  organic  matter  in  the  subsoil  which 
indicates  to  him  unfavorable  conditions  for  plant  growth,  and  these 
conditions  he  ameliorates  or  changes  both  by  the  addition  of  organic 
manures  and  by  judicious  cultivation. 

The  soil  expert,  knows  what  can  be  accomplished  by  these  artificial 
means,  but  he  knows  that  no  means  are  available  to  produce  the 
Cuban  tobacco  of  high  aroma  on  the  yellow  soils  of  the  Norfolk  series 
or  the  Sumatra  type  of  wrapper  leaf  of  equally  high  quality  on  the 
red  soils  of  the  Orangeburg  series.  He  also  knows  from  experience 
that  with  the  highest  art  of  cultivation  the  black  soils  of  the  Ports- 
mouth series  will  produce  different  crops — or  the  same  crops  of  dif- 
ferent quality — than  will  the  black  soils  of  the  Houston  series. 

The  red  color  of  the  soils  of  the  Cecil  series  and  the  yellow  color 
of  the  Chester  soils  are  recognized  by  our  field  men  to  indicate  differ- 
ences in  their  relation  to  crop  production  and  to  cultural  methods, 
and  there  is  no  question  in  their  minds  that  the  soils  should  be  sepa- 
rated into  different  series. 

In  the  glacial  regions  the  black  soils  of  the  Marshall  series  and  the 
yellow  soils  of  the  Miami  series  are  another  striking  example  of 
differences  in  crop  adaptation  indicated  by  color  differences.  The 
greater  productiveness  of  the  darker  soils  is  not  dependent  upon  the 
amount  of  organic  matter,  because  two  soils  may  have  the  same 
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amount  of  organic  matter  and  yet  have  entirely  different  crop  values, 
-but  is  due,  as  we  think,  to  differences  in  the  condition  of  the  organic 
matter.  This  is  probably  determined  by  certain  chemical  changes, 
which  may  be  the  result  of  biological  agencies,  and  which  in  any 
event  are  apparent  in  the  color  differences  of  the  soil. 

Instances  of  this  kind  could  be  nmltiplied,  but  it  seems  unnecessary. 
It  is  on  account  of  these  slight  differences  in  structure  and  slight 
differences  in  color  that  we  still  have  a  number  of  soils  among  the 
types  so  far  mapped  in  the  United  States  that  we  have  not  been  able 
to  correlate  into  series.  In  the  Coastal  Plains  there  are  five  loams  and 
five  silt  soils,  for  example,  having  approximately  the  same  texture  as 
other  soils  which  have  been  placed  in  series,  but  differing  so  much  in 
structure  or  in  the  shade  of  the  color  that  they  have  never  been  classi- 
fied. We  can  at  present  find  no  relationship  between  them  and  other 
soils,  and  this  is  borne  out  by  the  experience  of  farmers,  who  testify 
as  to  differences  in  soil  management,  crop  adaptation,  yield,  or  the 
quality  of  the  product,  which  justifies  us  in  excluding  them  from  any 
of  the  established  series. 

Too  much  emphasis  can  not  be  laid  upon  the  fact  that  we  do  not 
consider  the  color  itself  a  factor  in  crop  production,  but  only  as 
indicative  of  soil  conditions,  of  chemical  powers  or  of  the  kind  of 
decomposition  which  normally  takes  place  under  cultivation,  affecting 
in  one  way  or  another  either  the  yield  or  the  quality  of  the  crop 
produced. 

SOIL  PROVINCES  OF  THE  UNITED  STATES. 

We  thus  have  soil  series  comprising  types  alike  in  all  respects 
except  in  texture  and  in  such  physical  properties  as  texture  deter- 
mines. We  then  have  the  types  in  these  series  and  a  number  of 
unclassified  types,  which  are  put  for  the  time  into  a  group  of  miscel- 
laneous soils.  The  complete  scheme  of  classification,  so  far  as  per- 
fected by  the  Bureau  of  Soils,  also  provides  for  the  grouping  of  these 
series  and  the  associated  miscellaneous  types  into  thirteen  great  soil 
provinces,  as  shown  in  the  map  accompanying  this  bulletin.  This 
broader  grouping  depends  upon  certain  similarities  in  the  soil,  due  in 
part  to  the  character  of  the  original  material  and,  in  part,  to  domi- 
nant agencies  operating  in  the  formation  of  the  soils. 

I 

FACTORS   GIVING  RISE   TO   SOIL   FRO\aNCES. 

The  principal  factors  which  have  been  contributory  to  our  soil 
provinces  will  be  discussed  under  the  following  heads,  the  actual 
description  of  the  provinces,  their  series  and  soil  types  being  reserved 
for  the  second  part  of  this  bulletin.  The  main  idea  intended  to  be 
conveyed  in  this  brief  summary  is  the  fact  that  the  soil  minerals 
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found  in  the  different  soil  provinces  do  not  materially  differ  in  char- 
acter, but  that  the  soil  peculiarities  characteristic  of  the  different 
provinces  are  the  results  of  the  operation  of  the  different  agencies 
about  to  be  discussed,  as  follows: 
Climate. 
Humid. 

Arid  and  semiarid. 
Heat  metamorphism. 

Ice,  rusbin^  glacial  water,  and  wind  attrition. 
Lakes. 
Oceans. 

Wave  action. 

Simple  repeated  snbmerf^ence. 
Same  modified  by  sbell  flnb  d<^bri8. 
Rivers. 
Topography . 
Volcanoes. 
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Fig.  3. — Soli  provinceci  of  the  United  States  and  the  dominating  factor  in  their  formation. 


CLIMATE. 


Each  of  the  agencies  stated  has  had  or  has  a  profound  effect  upon 
the  constitution  or  properties  of  the  soil  material,  and  each  influences 
directly  or  indirectly  crop  adaptation  and  soil  management.  The  arid 
and  humid  conditions  marking  broadly  the  western  and  eastern  half 
of  the  United  States  have  given  rise  to  marked  differences  in  soil  fea- 
tures. Under  western  arid  conditions  there  is  little  noticeable  differ- 
ence between  the  soil  and  subsoil  in  texture  and  but  little  difference  in 
color.  There  is  remarkably  little  true  clay  soil,  such  as  encountered 
in  the  East,  sands,  loams,  and  silts  predominating.  Many  soils  of 
differing  textures  have  adobe  properties,  which  are  unusual  in  the 
East.  The  soils  and  subsoils  as  a  rule  have  neutral  colors,  generally 
gray  or  black,  although  many  of  the  rocks  give  brilliantly  colored 
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disintegration  products.  The  soils  frequently  contain  quite  notice- 
able amounts  of  soluble  salts,  which  accumulate  in  places,  resulting 
in  alkali  conditions.  The  soils  generally  contain  less  organic  matter 
than  the  soils  of  the  East,  and  a  large  proportion  of  this  is  in  the 
stable  form.  The  soils  generally,  and  notably  the  subsoils,  appear 
freer  of  toxic  organic  bodies  than  eastern  soils  and  are  almost  uni- 
versally capable  of  producing  larger  yields  under  irrigation.  When 
irrigated,  or  even  when  dry-farmed,  the  texture  is  not  so  controlling  a 
factor  in  the  distribution  of  crops  as  in  the  soils  of  the  East.  Plants 
develop  a  much  deeper  root  system  than  on  soils  of  the  East.  With 
little  difference  in  texture  between  soil  and  subsoil,  with  the  infre- 
quent rains,  and  the  dry  atmosphere  and  generally  rapid  surface 
evaporation,  a  more  efficient  surface  dry  mulch  can  be  maintained, 
making  it  possible  to  produce  good  yields  of  crops  with  remarkabh^ 
light  rainfall,  frequently  without  any  at  all  during  the  growth  of 
the  crop. 

HEAT   METAMOBPHISM. 

This  agency  has  given  us  the  materials  from  which  the  soils  of  the 
Piedmont  Plateau,  which  have  generally  a  bright  red  or  yellow  sub- 
soil, the  former  characteristic  of  the  Cecil  and  the  latter  of  the  Ches- 
ter soils.  The  material  found  in  the  Piedmont  soils  has  contributed 
directly  or  with  intermediate  changes  to  most  of  the  soils  of  the 
United  States,  but  through  the  agencies  of  soil  deposition,  about  to  be 
discussed,  the  soils  outside  this  province  have  altogether  different 
properties.  It  must  be  remembered  that  our  sandstone  and  shale  are 
debris  from  these  crystalline  rocks  worked  over  and  sorted  out  by 
water  and  reconsolidated  into  rock,  and  that  our  limestone  soils  are 
the  same  materials  contained  as  impurities  in  the  limestone  rock,  and 
th^t  all  these  common  rocks  contain  most  of  the  common  minerals. 

ICE,   BUSHING   GLACIAL   WATERS,    AND    WIND   ATTRITION. 

These  agencies,  which  in  common  grind  up  the  crystalline  rocks, 
sandstones,  shales,  and  limestone,  give  rise  to  soils  very  different  from 
the  soils  of  the  Piedmont  Plateau,  where  the  crystalline  rocks  have 
disintegrated  in  place,  different  from  the  soils  of  the  limestone  val- 
leys, and  different  from  the  soils  derived  through  degradation  of 
sandstone  and  shale  in  place.  The  granitic  material  so  ground  up 
does  not  take  on  the  bright-red  color  of  the  Cecil  or  the  shade  of  yel- 
low of  the  Chester  soils.  The  ground-up  limestone  does  not  take  on 
the  brownish-red  color  of  the  soils  of  the  limestone  vallevs.  There 
are  two  main  series  of  glacial  soils — the  yellow  Miami  soils  of  the 
rolling  uplands  and  the  black  Marshal  soils  of  the  prairies.  When 
limestone  fragments  evidence  the  incorporation  of  limestone  mate- 
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rial,  and  often  when  these  larger  fragments  are  absent,  the  fine  earth 
contains  sufficient  lime  carbonate  to  cause  an  effervescence  with  acid, 
which  is  not  the  case  with  the  soil  of  the  limestone  valleys,  which  are 
characteristically  low  in  lime  content.  Furthermore,  the  physical 
properties  of  these  glacial  soils,  when  the  rock  origin  can  be  deter- 
mined, is  entirely  different  from  the  soils  resulting  from  the  disinte- 
gration of  similar  rocks  in  place  without  the  glacial  area.  These 
physical  differences  and  their  connection  with  the  causes  that  bring 
about  the  difference  in  color  has  not  been  determined,  nor  can  it  at 
present  be  determined  or  expressed  in  any  specific  way.  It  can,  how- 
ever, be  detected  by  a  trained  observer,  and  even  by  the  casual  ob- 
server, that  there  is  a  difference,  and  this  difference,  whatever  it  may 
be,  gives  a  different  character  to  the  soils,  requires  different  methods 
of  soil  management,  of  fertilization,  and  of  cropping.  The  differ- 
ence in  the  material  has  impressed  itself  upon  the  topography,  and 
erosion  has  given  the  region  a  character  peculiar  to  itself. 

LAKES. 

Around  the  Great  Lakes,  and  elsewhere  throughout  the  glacial 
region,  where  this  glacial  material  was  reworked  when  lakes  covered 
larger  areas  than  at  present,  the  material  presents  itself  in  still  a 
different  form,  due  to  the  intervention  of  water  action.  The  lake 
terraces  and  old  lake  flats  were  formed,  giving  rise  to  soils  adapted  to 
special  crops  that  find  here  peculiarly  favorable  soil  conditions. 

OCEANS. 

More  striking  perhaps,  because  the  soils  are  more  direct  in  deriva- 
tion and  adjacent  in  position,  is  the  comparison  between  the  Pied- 
mont Plateau  soils  and  those  of  the  Atlantic  Coastal  Plains.  The 
soils  of  both  provinces  have  been  formed  from  the  same  material,  but 
in  the  case  of  the  Coastal  Plain  types  the  material  has  been  washed 
down,  submerged  beneath  the  ocean,  elevated,  again  submerged,  and 
reelevated  a  number  of  times. 

The  material  here  has  again  changed  its  character.  The  same  min- 
erals are  found  in  the  soils,  but  the  color,  texture,  and  physical  prop- 
erties of  the  soil  material  is  changed.  The  material,  it  is  true,  has 
been  sorted  out  by  running  water  and  by  wave  action,  but  the  clays  of 
the  Coastal  Plain  are  different  from  the  clays  of  the  Piedmont  Pla- 
teau; so  are  the  loams;  so  are  the  silts  and  sands.  The  Orangeburg 
soils,  it  is  true,  are  red,  but  it  is  a  different  color  from  the  red  of  the 
Cecil  soils.  The  Norfolk  soils  of  the  Coastal  Plain  have  a  yellow 
subsoil,  but  it  is  different  from  the  yellow  of  the  Chester  soils  of  the 
Piedmont.  The  variegated  colors  of  the  Susquehanna,  changing 
from  brilliant  red  to  yellow,  blue,  or  black,  have  no  prototype  in  the 
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Piedmont  Plateau,  although  derived  from  the  same  material.  While 
differing  among  themselves  there  are  certain  similar  characteristics 
running  through  the  soils  of  the  Coastal  Plain  which  result  from 
their  common  origin  and  mode  of  formation,  and  which  mark  them 
as  belonging  to  a  different  soil  province  than  the  soils  of  the  Pied- 
mont Plateau.  In  this  region  also  peculiarities  in  the  physical  prop- 
erties of  the  soil  and  consequently  in  the  character  of  erosion  result 
in  a  different  form  of  land  surface. 

The  Gulf  Coastal  Plain,  derived  and  formed  in  the  same  way 
though  locally  modified  by  glacial  material,  has  soils  in  common 
with  the  Atlantic  Coastal  Plain,  although  many  new  soils  are  en- 
countered here,  owing  to  the  conditions  of  sedimentation,  and  it  is 
possible  that  this  region  should  be  set  off  as  a  separate  province. 
Where  during  the  periods  of  submergence  shellfish  have  abounded, 
we  may  have  calcareous  deposits  in  the  form  of  marl,  coral  rock,  and 
true  limestone. 

BIVEBS. 

Along  the  course  of  the  large  rivers  we  have  a  class  of  soils  differ- 
ing again  in  color  and  in  physical  properties  from  the  material  from 
which  they  were  derived.  The  color  and  physical  properties  are 
changed  with  any  extended  river  action,  and  yet  all  soils  so  formed 
have  certain  characteristic  properties  and  peculiarities  which  group 
them  in  a  separate  soil  province.  Even  within  the  Piedmont  Plateau 
itself  the  soils  derived  from  the  upland,  worked  over,  and  deposited 
by  river  agencies  are  so  changed  as  to  constitute  new  types. 

TOPOIJRAPHY. 

The  influence  of  abrupt  topographic  changes,  as  in  our  mountain 
ranges  and  elevated  plateaus,  t^nds  not  so  much  to  modify  the  char- 
acter of  the  soil  as  does  the  action  of  the  other  agencies  mentioned, 
but  rather  by  reason  of  the  slope  and  elevation  it  has  the  effect  of 
adapting  them  to  special  crops  and  to  make  necessary  different 
methods  of  soil  management.  The  Porters  clay  of  the  Appalachian 
region  would  be  the  Cecil  clay  if  on  the  Piedmont  Plateau,  but  from 
its  position,  slope,  and  elevation  it  is  essentially  a  different  soil  to 
the  farmer,  and  is  put  in  a  different  province  because  of  this  relation- 
ship with  other  soils  of  the  Allegheny  Plateau. 

VOLCANOES. 

There  are  also  in  the  Northwestern  States  a  considerable  area  of 
soils  derived  directly  from  true  volcanic  material,  such  as  basalt, 
volcanic  ash,  and  other  forms  of  volcanic  material. 
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UTILIZATION  OF  SOILS. 
THE   PROBLEM. 

The  art  of  soil  management  is  so  to  manipulate  and  handle  4,000,000 
pounds  of  raw  material — the  weight  of  soil  1  foot  deep  on  an  acre — 
at  an  average  cost  of  $10  or  $12  as  to  produce  the  greatest  quantity 
of  food  and  clothing  and  stiU  leave  the  soil  unimpaired  for  future 
generations.  The  highest  art  is  usually  ascribed  to  the  individual 
who  secures  the  greatest  net  returns  in  money  or  the  best  grade  of 
product.  The  best  chance  of  attaining  the  highest  art  is  in  the  long 
run  in  the  hands  of  the  man  who  has  a  thorough  understanding  of  the 
nature  of  the  soil  and  how  to  handle  it,  of  the  crops  adapted  to  it  and 
their  needs,  and  of  the  market  demands;  in  other  words,  who  can 
make  the  most  of  the  proper  utilization  of  the  conditions  and  re- 
sources above  mentioned. 

THE    CLIMATIC    CONDITIONS. 

The  first  condition  determining  the  proper  agricultural  use  to  which 
any  soil  can  be  put  is  climate,  which  limits  broadly  the  zone  or  area 
in  which  certain  field  crops  can  be  grown,  and  "which  affects  the  yield 
and  quality  of  the  products  to  a  very  marked  degree,  even  within  the 
area  of  profitable  cultivation.  The  climate  of  the  continental  United 
States  varies  greatly,  probably  much  more  than  is  generally  realized. 

In  the  southwest  we  have  the  semitropical  arid  climate.  In  south- 
ern Florida  we  have  the  semitropical  humid  climate.  Over  the  coun- 
try as  a  whole  we  have  from  more  than  CO  to  less  than  10  inches  of 
rainfall  and  a  range  in  mean  temperature  of  more  than  70**  F.  to  less 
than  40°  F.  The  elevation  of  our  arable  lands  varies  from  below  sea 
level  to  over  6,000  feet  above.  We  also  have  varying  types  of  rain- 
fall; the  greatest  precipitation  may  occur  in  the  winter  months  or 
may  come  in  the  summer  months.  We  have  great  differences  in  rela- 
tive humidity  and  in  sunshine.  We  have  differences  in  the  range  of 
temperature,  both  seasonal  and  daily,  and  we  have  differences  in  the 
length  of  the  growing  season.  Finally,  we  have  differences  due  to 
slope,  exposure,  large  bodies  of  water,  and  to  other  conditions  too 
subtle  for  us  to  measure,  which  may  determine  the  special  fitness  of  a 
soil  for  a  particular  grade  or  quality  of  product.  So  complex  are  all 
these  conditions  and  so  indeterminate  their  individual  or  combined 
influence  on  the  crop  that  no  exact  expression  can  be  given  for  the 
climatology  of  any  particular  locality.  In  fact,  with  all  our  recent 
advance  in  meteorology,  it  is  generally  conceded  that  we  still  know 
very  little  about  climatology  as  this  term  is  used  here. 
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The  very  simplest  conditions,  however,  namely,  the  distribution  of 
the  mean  annual  precipitation  and  the  mean  annual  temperature,  will 
indicate  the  great  variety  of  meteorological  conditions  which  prevail 
in  the  continental  United  States. 

The  following  table  and  diagram  (fig.  4),  made  up  from  Weather 
Bureau  maps  and  records,  show  the  normal  annual  precipitation  in 
the  United  States  and  the  proportion  of  the  area  covered  by  each  of 
ten  grades  of  precipitation. 

Normal  annual  precipitation  in  continental  United  States,  Hhoiring  perccntaye 

of  area  having  normals  within  certain  Hmitft. 


Area. 


9  per  cent. 
80  percent 
13  per  cent 
21  per  cent 


Rainfall. 


Jnche*. 
0-10 
10-20 
20-30 
30-10  I 


16  per  cent 
10  per  cent 
1  per  cent . 


Inchen. 
4Q-bO 

Over  60 


From  this  table  it  will  be  seen  that  about  30  per  cent  of  the  area 

has  a  precipitation  of 
10-20  inches  and  21  per 
cent  has  a  precipitation 
of  30-40  inches. 

Figure  4  shows  the 
proportion  of  the  area 
covered  by  each  grade  of 
precipitation  as  compared 
with  the  whole  area  of 
the  United  States,  repre- 
sented by  the  circle,  each 
grade  being  shown  by  seg- 
ments of  the  circle. 

The  following  table 
shows  the  areas  having 
certain  normal  annual 
temperatures  by  steps  of  5 
degrees  Fahrenheit. 


Pig.  4. — rropurtionate  areas  of  the   United   States 
according  to  certain  limltH  of  precipitation. 


Normal  annual  temptn-ature  in  the  United  estates,  Hhouring  percentage  of  area 

having  normals  within  certain  limits. 


.\rea. 


6  percent 
18  per  cent 
24  per  cent 
14  per  cent 


Tempera- 
ture. 


lyegrees. 

Below  40 
40-45 
4.V50 
50-65 


Area. 


14  per  cent 
13  per  cent 
9  percent 
2  percent 


Tempera- 
ture. 


Degrees. 

55-60 

60-65 

66-70 

Over  70 


Bu'.  55,  Bureau  of  Soils,  U.  S.  Dept.  of  Agriculture. 
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For  example,  24  per  cent  of  the  area  of  the  United  States  has  a 
normal  annual  temperature  of  45°  to  50°  F.  and  13  per  cent  a  normal 
between  60°  and  65°  F.  Figure  5  shows  these  facts  diagrammati- 
cal! v. 

Combining  the  data  in 
the  two  tables  into  a 
single  diagram,  in  which 
neither  the  temperature 
nor  the  precipitation  is 
drawn  to  scale,  we  get 
the  relations  shown  in 
figure  6.  From  this  fig- 
ure it  is  seen  that  with  a 
precipitation  of  10  to  20 
inches  we  have  m  some 
part  of  the  country  all 
grades  of  normal  tem- 
peratures from  below  40^ 
to  70°  F.  and  over.  With 
a  rainfall  of  40  to  50 
inches  we  also  have  all 
these  variations  of  tem- 
perature. Or  looking  at 
the  matter  from  the  other  side  we  have  a  rainfall  of  over  60  inches, 
only  with  a  normal  temperature  of  from  45°  to  60°  F..    We  have 

a  rainfall  of  50  to  60 
inches  in  connection  with 
all  temperatures  of  45° 
to  over  70°  F.,  and 
with  a  rainfall  of  30 
to  40  inches  we  have 
mean  temperatures  rang- 
ing from  below  40°  to 
70°  F.,  but  not  above. 
In  other  words,  with  these 
variations  of  normal  an- 
nual precipitation,  shown 
for  intervals  of  10  inches 
for  each  grade,  and  of 
normal  annual  tempera- 
ture with  intervals  of  5° 
F.,  we  have  40  combinations  of  these  two  simple  factors  alone,  wliicli 
may  influence  crop  development  and  may  influence  the  utilization  of 
soils. 


Fig.  r>. — Proportionate  areas  of  the  United  States 
Rccordlnf?  to  certain  limits  of  mean  tempera- 
ture. 


»0-E0 


0-10' 


-30- 


30-40* 


«o-«o 


Fig.  6. — Uange  of  temperature  in  relation  to  rainfall. 
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While  it  is  not  possible  as  yet  to  give  an  expression  to  meteoro- 
logical data  which  will  be  a  sufficient  guide  to  crop  characteristics, 
it  is  possible  by  careful  observations  of  crops  and  native  vegetation 
to  form  very  accurate  estimates  of  crop  possibilities  and  to  define 

areas  in  which  certain  crops 
Son  Fr<Mci9co  Col  having  Certain  qualities  can 

be  produced.  Such  an  area 
as  the  tobacco  area  of 
the  Connecticut  valley  is 
a  case  in  point;  also  areas 
producing  sugar  beets,  sweet 
corn,  and  some  varieties  of 
fruits.  There  are  special  lo- 
calities where  grapes  are 
known  to  do  exceptionally 
well.  The  Albemarle  pip- 
pin, which  grows  best  on  one 
particular  soil,  takes  on  its 
brightest  color  only  when 
grown  on  this  soil  in  shel- 
tered coves  between  certain 
elevations  in  the  Blue  Ridge 
Mountains. 

The  differences  in  cli- 
mate not  only  affect  the 
plant  directly,  but  have  a 
great  effect  upon  the  soil 
and  its  chemical  properties 
or  composition — particularly 
in  regard  to  the  chemis- 
tiy  of  its  organic  con- 
stituents— making  the  soil 
to  this  extent  a  different 
soil  and  thus  affecting  the 
plant. 

The  following  diagram 
(fig.  7),  taken  from  WeatluM- 
Bureau  records,  shows  three 
extreme  types  of  rainfall — 
that  at  San  Francisco,  Cal.,  where  the  greatest  amount  falls  in  the 
winter  and  practically  none  in  the  summer  months;  at  Lynchburg. 
Va.,  where  the  amount  is  quite  uniformly  distributed  throughout  the 
year;  and  at  Omaha,  Nebr.,  where  the  largest  percentage  comes  in  the 
summer. 
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Fig.  7 


-Three  tj-pos  of  rainfall  In  the  United 
States. 
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THK  SOIL  RESOl'RCES   OF  THE  UNITED  STATES. 

There  have  been  recognized  and  described  by  the  soil  survey  in 
continental  United  States  715  different  types  of  soil,  classified,  so  far 
as  possible,  into  series,  where  the  onlj^  observable  fundamental  differ- 
ence which  can  not  be  changed  by  cultural  methods  is  one  of  texture 
and  the  water-holding  power  incident  thereto,  and  these  again  into 
great  soil  provinces,  in  which  the  materials  differ  by  reason  of  the 
divergent  forces  that  have  resulted  in  their  formation. 

Many  of  these  soil  types  extend  over  large  areas  and  under  differ-  » 
ent  climatic  conditions,  and  this  must  be  considered  in  utilizing  the 
soil  in  any  particular  line,  so  that  the  problem  of  soil  utilization  does 
not  seem  an  easy  one.  Fortunately,  however,  we  have  many  reliable 
guides,  as,  for  instance,  the  character  of  the  native  vegetation,  the 
growing  crops,  and  the  experience  of  farmers,  which,  together  with 
the  methods  of  study  and  investigation  recently  established,  make  the 
working  out  of  the  principles  of  utilization  for  any  given  soil  type 
and  locality  far  less  difficult  than  it  would  at  first  seem. 

ADAPTATION    OF    SOILS    TO    CROPS. 

The  principles  governing  the  adaptation  of  soils  to  crops  maj^  be 
brieflv  stated. 

The  plant  must  have  in  the  soil  and  in  the  atmosphere  a  congenial 
and  sanitary  environment. 

The  plant  is  fixed  in  position  in  a  medium  which  has  previously 
been  occupied  by  a  crop,  and  which  has  thrown  off  waste  products. 

The  sanitation  of  the  soil  must  provide  for  the  absorption  and 
change  to  harmless  forms  of  such  waste  products. 

Soils  under  different  climatic  conditions,  with  differences  in  eleva- 
tion, slope,  drainage,  and  from  certain  obscure  chemical  powers,  apart 
from  differences  of  texture,  are  able  to  provide  more  or  less  perfectly 
efficient  sanitary  conditions  for  certain  crops. 

That  these  differences  of  adaptation  of  soils  to  crops  do  exist  is 
clearly  indicated  by  the  fact  that  natural  plant  associations  differ  for 
all  types  of  soils  which  have  been  encountered,  both  as  to  kind  of 
plants  and  relative  numbers  of  the  different  species.  The  prevalence 
of  certain  trees  or  weeds  frequently  offers  safe  indications  of  soil  con- 
ditions and  of  crop  adaptations.  Hilgard  lays  great  stress  upon  the 
importance  to  be  ascribed,  especially  upon  virgin  lands,  to  the  char- 
acter of  the  native  vegetation.  In  our  own  work  the  character  of  the 
native  vegetation  frequently  affords  a  very  safe  guide  to  the  preva- 
lence and  amount  of  alkali  salts  contained  in  the  soils  of  any 
particular  locality.  Some  native  plants  are  not  found  where  the  salt 
content  exceeds  0.20  per  cent.     Other  plants  are  characteristically 
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found  where  the  salt  content  is  very  much  higher.  These  indications, 
however,  differ  in  different  places,  and,  as  one  would  expect,  for  dif- 
ferent types  of  alkali.  It  is  a  well-known  fact  that  cultivated  crops 
differ  as  regards  the  amount  of  alkali — and  this  varies  with  the  char- 
.  acter  of  alkali — which  they  can  withstand.  Alfalfa  is  exceedingly 
sensitive.  Sorghum  and  sugar  beets,  on  the  other  hand,  are  very 
resistant.  In  the  development  of  the  tobacco  interests  in  the  Miami 
Valley,  Ohio,  the  sugar  maple  was  taken  as  a  safe  indication  of  the 
soils  on  which  the  best  grades  of  tobacco  could  be  produced. 

Perhaps  nowhere  is  the  use  of  character  of  the  native  vegetation 
as  a  guide  to  the  utilization  of  soils  more  marked  than  in  certain 
areas  in  Florida.  With  little  or  no  observable  difference  in  the  char- 
acter of  the  soils  the  hammock  land,  with  its  luxuriant  growth  of 
hardwood  trees,  is  considered  the  strongest  and  most  reliable  land  for 
the  general  crops  of  the  locality.  The  high  pine  land,  with  its 
sparse  growth  of  well-developed  pine,  is  second  in  importance,  being 
adapted,  under  intensive  methods  of  cultivation,  to  the  production  of 
early  truck  and  vegetables,  though  rather  less  valuable  for  citrus 
fruits  than  the  hammock  land.  There  are  large  areas  of  scrub  growth 
consisting  of  dwarf  and  thick-leafed  vegetation,  frequently  sur- 
rounded by  high  pine  lands,  with  no  apparent  difference  in  the  soil, 
but  these  two  kinds  of  native  vegetation  never  intermingle  and  the 
scrub  land  when  cleared  is  not  adapted  to  crops. 

We  have,  on  the  Eastern  Shore  of  Maryland,  land  known  as  the 
"  white  oak  lands,"  poorly  adapted  to  corn  and  even  less  suitable 
for  other  intertillage  crops.  The  white  oak  is  characteristic  on  this 
land,  not  because  it  grows  better  on  this  soil  or  because  it  is  not 
found  on  other  soils,  but  because  of  the  fact  that  other  varieties  of 
oak  are  seldom  found  and  the  white  oak  is  the  dominant  species. 
We  have  the  case  of  the  gradual  disappearance  of  the  chestnut  trees 
in  many  areas  in  the  Eastern  States  and  the  substitution  of  other 
native  vegetation.  We  have  very  marked  instances  of  the  natural 
rotation  of  pine  and  hardwood  growth,  the  soil  always  being  better 
for  agricultural  crops  following  the  hardwood  than  following  the 
pine.  Where  the  sassafras  and  sorrel  come  into  the  soils  of  the 
Coastal  Plain  as  a  dominant  feature  of  the  native  vegetation,  it  is 
realized  that  the  soil  conditions  have  changed  and  that  the  soils  are 
not  so  well  adapted  to  the  ordinary  farm  crops.  Lastly,  we  have  the 
veiy  striking  differences  in  the  native  vegetation  on  the  black  soils 
of  the  Marshall  series  and  the  light  soils  of  the  Miami  series  in  the 
Middle  West.  The  former  were  originally  almost  exclusively  prairie 
and  covered  with  a  heavy  growth  of  native  grasses,  while  the  latter 
carried  distinctively  a  forest  cover.  There  appears  to  be  an  incom- 
patibility of  association  between  trees  and  the  grass,  and  we  find 
characteristically  the  prairie  sod  on  the  one  soil  and  the  forest  growth 
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on  the  other,  with  little  or  no  mingling  of  the  species  on  the  soils  of 
the  two  series.  After  cultivation  and  the  working  out  of  the  prairie 
sod  trees  apparently  gfow  as  well  on  one  type  of  soil  as  on  the  other. 

Besides  pointing  out  the  value  of  natural  vegetation  as  an  indica- 
tion of  the  character  of  the  land  and  showing  the  advantage  which 
inay  be  taken  of  the  different  periods  of  natural  rotation,  it  is  as 
well  to  say  here  that  there  are  certain  undesirable  plant  associa- 
tions that  should  never  be  allowed  in  the  proper  utilization  of  soils. 
Weeds  are  almost  always  injurious  to  crops  in  the  early  stages  of 
growth,  as  the  excreta  from  the  weeds  are  generally  toxic  to  the 
plants.  In  the  same  way  trees  are  generally  injurious  to  plants  in 
their  immediate  vicinity,  and  grass  and  trees  on  certain  soils  react 
on  each  other,  resulting  in  the  injury  and  even  death  of  one  or  the 
other,  while  on  other  soils,  and  especially  with  certain  trees,  grass 
does  very  well. 

It  is  seldom  safe  or  desirable  to  follow  a  crop  with  the  same  crop 
without  resting  the  soil  for  a  full  year,  or  better  still,  raising  one  or 
more  crops  of  different  kinds  in  the  rotation.  It  is  undesirable  to  use 
for  peaches  land  from  which  a  peach  orchard  has  recently  been  re- 
moved. Corn,  cotton,  or  tobacco  reset  after  the  death  of  the  first 
plant,  if  the  first  plant  made  any  sort  of  growth,  seldom  make  good 
plants. 

Exceptions  may  be  found  to  the  above  statement  of  the  undesir- 
ability  of  continuous  use  of  the  soils  for  one  crop.  On  the  Podunk 
fine  sandy  loam  in  the  Connecticut  Valley  tobacco  has  been  grown 
continuously  on  some  of  the  fields  for  twenty-five  or  thirty  years, 
and  it  is  considered  that  the  quality  of  the  leaf  is  steadily  improving. 
That  the  soil  can  and  does  adjust  itself  to  the  requirements  of  crops 
is  seen  in  the  case  of  native  vegetation,  while  the  delicacy  of  the 
adjustment  at  times  may  be  seen  by  the  difficulty  of  reseeding  the 
buffalo  grass  after  the  western  prairies  have  been  broken  up  with 
the  plow.  The  case  of  the  English  meadows  is  another  instance  of 
long-continued  use  of  a  soil  for,  in  this  case,  a  mixture  of  plants, 
with  the  resultant  gradual  changes  in  proportion,  although  the  deli- 
cacy of  the  adjustment  is  again  shown  in  the  infinite  care  and  long 
time  required  to  establish  a  perfect  sod. 

With  our  annual  crops  we  have  the  case  of  the  continuous  culti- 
vation for  many  years  of  cotton,  corn,  and  wheat  in  certain  soils  in 
certain  sections,  but  it  is  becoming  more  and  more  evident  that  this 
is  neither  safe  nor  judicious,  while  on  many  soils  in  many  sections 
of  the  country  the  results  have  been  very  disastrous,  as  the  soils  have 
been  overloaded  with  excreta  and  toxic  organic  matter  until  the 
endurance  or  the  efficiency  of  the  soil  has  been  completely  broken 
down,  and  the  soil,  as  we  say,  is  worn  out. 
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More  striking  than  these  field  conditions  is  the  liability  of  green- 
house soils  to  break  down  with  the  production  of  large  crops. in 
small  volumes  of  soil.  With  some  plants,  as,  'for  example,  the  chry- 
santhemum, but  one  crop  can  be  taken,  and  the  soil  must  then  be 
renewed.  No  fertilizers  or  treatment  will  enable  it  to  produce  suc- 
cessfully a  second  crop  immediately.  With  other  crops  and  with 
some  soils  the  endurance  is  longer,  but  eventually  the  soil  must  be 
renewed  to  produce  the  same  crop,  although  fertilizers  and  manures 
are  used  in  abundance. 

TEXTURE   AND    STRUCTURE. 

Turning  now  to  conditions  and  properties  which  are  apparent  or 
can  be  measured,  we  have  first  of  all  the  influence  of  texture.  In 
what  we  call  a  soil  series,  where  the  material  differs  only  in  texture 
the  lighter  members  of  the  sandy  typos,  if  not  too  coarse,  are  adapted 
to  the  early  spring  vegetables,  the  intermediate  loam  types  are 
adapted  better  to  wheat,  corn,  cotton,  and  general  farm  crops,  under 
suitable  climatic  conditions,  and  the  heavy  clay  types  are  better  for 
grass  and  soiling  crops  for  dairying  and  stock  raising.  This  is  general 
over  the  eastern  half  of  the  United  States,  but  not  specific,  as  there 
are  many  modifying  influences.  For  instance,  a  rather  fine  sand  in 
a  low  situation  where  a  more  moist  condition  than  usual  is  main- 
tained produces  good  yields  of  wheat.  Also,  after  the  intensive 
fertilization  given  truck  or  tobacco  a  good  crop  of  wheat  may  be 
produced  on  land  too  light  for  profitable  culture  in  this  crop  under 
general  farm  methods.  It  may  therefore  be  given  a  place  in  rota- 
tion with  special  crops  when  it  would  not  be  advisable  to  grow  it 
under  less  intensive  culture  given  other  crops.  Also  when  clover 
runs  out  and  has  to  be  omitted  from  the  rotation  it  is  often  inad- 
visable to  grow  wheat  on  a  soil  which  would  otherwise  be  consid- 
ered suitable,  because  the  yields  can  not  be  maintained  without  the 
intervening  clover  crop. 

Corn  may  often  be  recommended  for  a  soil  not  particularly  adapted 
for  this  crop,  because  of  its  value  in  the  rotation  and  as  a  necessary 
feed  for  farm  stock.  Such  utilization  of  soils  is  only  justified  when 
other  crops  equally  valuable  for  forage  and  grain  and  better  adapted 
to  the  soil  can  not  be  found. 

The  structure  of  the  soil  as  determining  the  compactness  and  affect- 
ing root  penetration  and  aeration,  as  well  as  drainage  conditions,  has 
much  to  do  with  crop  adaptation.  The  crawfish  lands  of  Tennessee 
are  extreme  types  of  soils  w^hich  run  together  when  wet  into  an  almost 
impenetrable  mass.  The  so-called  mortar  beds  of  Texas,  as  well  as 
the  soils  with  hardpan  underlying,  are  all  examples  of  undesirable 
soil  conditions,  and  result  in  soils  that  have  no  general  or  peculiar 
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adaptation  to  any  of  our  valuable  crops.  These  conditions  can,  how- 
ever, often  be  relieved  or  entirely  removed  by  cultural  methods.  The 
Susquehanna  clay,  between  Washington  and  Baltimore,  for  example, 
in  its  natural  field  condition  is  very  unproductive,  but  when  this  is 
worked  up  into  a  granular  mass  it  is  as  productive  as  our  limestone 
soils.  This  improvement  can  be  brought  alK)ut  in  the  field  after  long 
and  intelligent  working  with  moderate  applications  of  manure  and 
lime. 

Extreme  plasticity,  as  in  the  black  w^axy  soils  of  Texas,  and  the 
adobe  property  exhibited  by  many  of  the  soils  of  California,  affect 
the  utilization  of  soils,  mainly  through  the  methods  of  management 
of  the  soil  necessary  for  profitable  crop  production. 

Drainage  conditions,  as  such,  have  much  to  do  wath  soil  utilization. 
Certain  crops  like  rice  will  produce  well  only  when  the  soil  is  sub- 
merged with  water  for  considerable  periods  of  their  growth,  and 
structure  has  much  to  do  with  ease  of  flooding  and  consequently 
with  cost  of  production.  Otheis,  like  cranberries  and  peppermint, 
will  do  well  in  bogs;  celery,  onions,  cabbage,  and  potatoes  do  well  on 
muck  if  properly  drained ;  pineapples  grow  on  the  loose  beach  sand 
of  Florida,  which  is  excessively  drained. 

It  is  not  unusual  to  find  the  character  and  depth  of  the  subsoil 
influencing  the  drainage  conditions  of  a  field  and  affecting  the 
utilization  of  the  soil.  This  is  particularly  marked  in  the  case  of 
tobacco  in  southern  Virginia  and  in  North  Carolina,  where  a  few 
inches  difference  in  the  depth  of  the  clay  subsoil  below  the  surface 
means  the  difference  between  the  utilization  of  the  soil  for  bright 
leaf  cigarette  tobacco  or  the  heavy  types  of  export  or  manufacturing 
tobacco.  Such  variations  also  affect  verv  materiallv  the  yield  of 
wheat  and  other  crops,  and  thus  influence  the  proper  utilization  of 
the  soil. 

Elevation  and  exposure  are  important  factors  in  the  utilization  of 
soil.  Examples  of  this  are  seen  in  the  fine  quality  of  grapes  on  the 
terraces  and  slopes  in  the  lake  region  of  New  York,  Pennsylvania, 
and  Ohio;  in  the  protection  from  frost  and  the  consequent  early  ma- 
turity of  truck  crops  on  the  peninsulas  of  the  Atlantic  Coast  States ; 
in  the  protection  from  frost  on  the  foothills  and  mountain  sides. 
Citrus  fruits  can  not  safely  be  grown  upon  soils  which  would  other- 
wise be  adapted  to  them  in  the  San  Joaquin  Valley,  California,  but 
are  grown  very  successfully  on  the  foothills  bordering  the  valley. 
Peaches  are  successfully  grown  on  the  Maryland-Delaware  peninsula 
and  in  the  mountains  of  western  Maryland,  but  not  w^th  safety  on 
the  intervening  Piedmont  Plateau  (although  the  soils  are  otherwise 
well  adapted  to  the  fruit),  on  account  of  frosts  which  are  liable  to 
occur  when  the  fruit  buds  are  so  far  advanced  as  to  be  easily  killed. 
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A  very  striking  illustration  of  the  effects  of  elevation  and  exposure 
on  the  possibility  of  soil  utilization  is  seen  in  the  ease  of  the  apple 
industry  of  the  Appalachian  fruit  belt.  In  New  York  winter  apples 
are  commonly  grown  at  an  elevation  of  from  100  to  600  feet  above 
tide.  In  the  Virginia  mountains  the  suitable  elevation  is  not  less  than 
900  or  1,000  feet  or  more  than  2,000  feet,  or,  say,  at  an  average  eleva- 
tion of  1,500  feet.  In  North  Carolina  the  elevation  for  successful  and 
safe  crops  is  a  thousand  feet  higher  than  in  Virginia.  Farther  south 
in  Alabama  the  safe  elevations  are  lov:er  than  in  North  Carolina.  The 
finest  Albemarle  pippin  apples  are  grown  on  the  Porters  black  loam 
between  1,000  and  2,000  feet  elevation,  but  only  in  sheltered  coves — 
not  on  the  exposed  sides  and  tops  of  the  mountains,  although  the  soil 
may  otherwise  be  well  adapted  to  the  fruit.  In  North  Carolina  in 
the  lower  elevations  of  the  fruit  zone  the  fruit  does  best  in  the  coves 
on  the  north  side  of  the  mountains,  while  at  higher  elevations  it  does 
as  well  or  better  in  coves  with  southern  exposures. 

The  color  of  soils  is  very  often — probably  much  more  often  than  we 
realize — an  indication  of  the  adaptation  of  the  soil  to  crops  and  an 
index  to  the  proper  utilization  of  the  soil.  Examples  of  this  are  very 
numerous,  and  the  soil-survey  field  book  of  the  Bureau  of  Soils  con- 
tains a  great  many  miscellaneous  soils  that  can  not  be  correlated  with 
the  great  series,  very  often  because  of  differences  in  crop  values  which 
are  associated  in  some  way  with  slight  differences  in  color  of  soil  or 
subsoil.  We  never  correlate  a  red  soil  with  a  yellow  soil,  because  we 
know  the  crop  will  be  different — if  not  in  yield,  at  least  in  quality — 
and,  while  the  crops  of  the  locality  may  be  valued  by  the  quantity 
grown,  we  nev^r  know  when  new  crops  will  be  introduced  in  which 
quality  is  an  important  factor.  There  is,  furthermore,  a  growing 
tendency  to  recognize  quality  in  both  wheat  and  corn  for  different 
commercial  purposes.  Quality  is  a  controlling  factor  in  tobacco  pro- 
duction and  is  very  important  in  fruit  production. 

The  red  soils  of  the  Orangeburg  series  of  the  Coastal  Plains  are 
stronger  and  more  lasting  under  hard  usage  than  the  adjacent  yel- 
low soils  of  the  Norfolk  series.  The  former  will  produce  more  cot- 
ton and  will  stand  more  continuous  culture  with  the  same  good  treat- 
ment. In  Alabama  and  Texas  they  will  produce  a  cigar-filler  leaf 
of  fine  aroma,  while  the  Norfolk  soils  will  produce  a  finer  grade  of 
Sumatra  wrapper  leaf  without  aroma.  What  gives  the  red  soil  more 
lasting  fertility  we  do  not  know.  We  think  it  is  not  directly  due  to 
the  red  iron  compounds  in  the  one  soil  and  the  yellow  iron  compounds 
in  the  other,  but  to  the  conditions  or  physical  forces  or  chemical  prop- 
erties in  the  soil,  which  are  able  to  keep  the  iron  compounds  in  differ- 
ent conditions  of  hydration  and  oxidation  in  the  one  case  than  in  the 
other,  which  forces  appear  to  play  an  important  part  also  in  the  main- 
tenance of  proper  sanitary  conditions  in  the  soils. 
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The  yellow  Norfolk  soils  and  black  Portsmouth  soils  are  very  dif- 
ferent in  their  crop  production.  The  former  are  adapted  to  early 
potatoes,  peas,  radishes,  lettuce,  and  the  lighter  spring  vegetables; 
the  latter  to  cabbages  and  the  heavier  truck  crops.  Organic  mat- 
ter added  to  the  Norfolk  soils  darkens  them  very  little,  but  when 
added  to  the  Portsmouth  soils  makes  them  still  blacker,  indicat- 
ing a  difference  in  the  process  of  decay  or  in  the  final  stable  form 
of  organic  matter  in  the  two  soils,  and  affecting  in  some  way  their 
adaptation  to  crops.  Whether  this  difference  in  the  chemical  changes 
in  these  soils  is  associated  in  any  way  wnth  the  forces  which  determine 
the  form  of  the  iron  compounds  in  the  Norfolk  an<l  Orangeburg  soils 
referred  to  is  unknown. 

Instances  of  this  kind>  where  slight  differences  in  shade  in  the  red, 
yellow,  or  black  soils  are  associated  with  differences  in  yield  or  quality 
of  crop,  at  least  in  certain  seasons  and  under  certain  conditions  of 
temperature  and  rainfall,  could  be  multiplied  indefinitely.  It  was  a 
certain  peculiar  and  unusual  shade  of  brown  in  thin  layers  in  the 
subsoils  of  certain  soils  in  Florida  which  put  us  on  the  track  of  the 
probable  cause  of  the  dieback  disease  of  the  orange,  which  appears 
to  he  due  to  the  presence  in  the  soil  of  a  toxic  organic  compound, 
which,  however,  has  not  yet  been  isolated  or  identified. 

The  peculiar  adaptation  of  soils  to  special  crops  has  long  been  rec- 
ognized. Nowhere  is  this  more  strikingly  shown  than  in  greenhouse 
culture,  which,  where  manures  and  fertilizers  are  so  abundantly  and 
intelligently  used,  is  the  last  place  one  would  expect  to  find  it.  The 
hothouse  lettuce  of  Boston  has  long  been  esteemed  the  finest  product 
of  the  kind  received  in  the  New  York  markets.  The  soil  used  in  the 
houses  is  peculiar  to  the  locality.  The  soils  used  in  the  greenhouses 
around  Washington  and  Alexandria  will  not  produce  this  fine  quality 
of  lettuce,  but  can  and  do  produce  fine  violets,  with  a  rich  aroma, 
and  these  have  the  highest  reputation  in  the  New  York  and  Phila- 
delphia markets.  In  general,  the  roses  grown  in  the  greenhouses 
around  New  York  are  of  the  highest  rank  and  are  so  held  in  the 
Boston  market,  but  certain  varieties  like  the  American  Beauty  can 
not  be  produced  there  in  the  perfection  that  is  attained  in  the  green- 
houses of  Philadelphia  and  Washington.  So  it  goes  with  any  green- 
house crop  and  with  each  variety  of  the  crop,  the  soils  of  certain 
localities  have  peculiar  advantages,  small  oftentimes,  but  with  so 
highly  specialized  an  industry,  where  quality  is  so  important,  enough 
to  give  a  deserved  reputation  to  the  locality  and  to  bring  better  prices 
to  the  grower. 

That  these  differences  are  real  and  are  associated  in  large  part  with 
the  soil  and  its  peculiar  adaptation  to  crops  can  not  be  doubted,  nor 
can  these  peculiarities  be  entirely  overcome  by  the  most  skillful  green- 
house man.    So  intense  is  the  cultivation  of  some  of  these  crops  that 
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the  soil  would  appear  to  be  a  minor  and  almost  unimportant  factor- 
In  the  cultivation  of  the  modern  varieties  of  chrvsanthemums  so 
much  manure  is  used  that  the  soil  seems  almost  a  negligible  factor. 
In  addition,  the  plants  are  watered  with  soluble  fertilizers  up  to  the 
very  limit  of  their  safe  endurance  of  saline  solutions,  but  after  the 
crop  is  over  the  soil  must  be  thrown  out,  as  it  is  unable  to  support  a 
second  continuous  crop  of  equal  quality  with  the  first.  Rose  soils 
retain  their  power  of  producing  fine  quality  much  longer,  but  with 
the  best  care  they  too  have  to  be  thrown  away  eventually  and  fresh 
soils  used  if  the  quality  is  to  be  maintained.  The  proper  utilization 
of  soils  in  greenhouse  culture  and  the  selection  of  crops  and  varieties 
to  be  grown  is  coming  to  l)e  recognized  by  the  leaders  of  the  industry 
as  of  the  highest  importance. 

There  is  a  great  field  for  investigation  by  soil  experts  of  the  cause 
of  this  adaptation  in  these  highly  specialized  industries — a  field  offer- 
ing problems  which  with  our  modern  methods  and  knowledge  it 
seems  possible  to  solve,  and  it  is  perhaps  from  a  study  of  the  condi- 
tions surrounding  these  intensively  cultivated  forcing  crops  that  the 
most  important  light  will  be  thrown  upon  the  general  field  conditions. 

Reference  has  already  been  made  to  the  special  adaptation  of  cer- 
tain soils  to  certain  varieties  of  tobacco,  fruit,  and  truck  crops.  It  is 
coming  to  be  realized  now  that  in  plant  breeding  consideration  must 
be  given  to  the  character  of  the  soil  on  which  the  strains  have  been 
produced,  as  well  as  to  the  character  of  the  soil  upon  which  it  is  pro- 
posed to  use  the  selected  seed  for  crop  production.  Cotton  which  has 
been  carefully  selected  until  it  produces  large  crops  on  rich  bottom 
lands  will  not  do  so  well  on  sandy  uplands.  Breeding  strains  for 
each  of  the  important  types  of  soils  must  be  by  selecting  from  parent 
plants  which  will  produce  seed  adapted  to  that  particular  type  and  its 
conditions.  So  far  as  we  now  know,  this  means  that  the  seed  should 
come  from  soils  of  the  same  texture  and  physical  condition.  We 
know  this  to  be  true  of  varieties  of  wheat  and  corn,  although  no  gen- 
eral laws  have  been  worked  out  to  explain  the  wide  variations  ob- 
served in  the  records  of  our  experiment  stations  and  in  the  experience 
of  farmers.  Breeders  of  wheat  and  other  crops  recognize  that  some 
new  varieties  will  be  adapted  to  a  wide  range  of  soils  and  that  other 
new  varieties  originated  on  the  same  soil  will  prove  useful  on  some 
soils  and  will  not  succeed  on  others.  Before  distributing  newly  bred 
varieties  it  is  necessary  that  they  be  tested  on  each  soil  type  to  which 
thev  are  to  be  sent. 

SOIL   UTILIZATION   WORK. 

The  work  of  the  soil  utilization  parties  of  the  bureau  has  been  to 
see,  so  far  as  possible,  that  the  soils  of  the  several  areas  in  which  they 
were  stationed  shall  be  utilized  to  the  best  possible  advantage  con- 
sistent with  the  local  conditions  and  market  facilities  and  demands. 
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We  should  not  need  to  rest  the  soil  any  more  than  we  need  to  rest  the 
atmosphere  or  the  sun.  But  we  do  not  want  to  overload  or  diminish 
the  natural  powers  of  the  soil  by  injudicious  methods  of  cultivation  or 
cropping  any  more  than  we  want  the  health-giving  powers  of  the  sun 
and  atmosphere  obscured  by  the  fumes  and  smoke  of  our  factories. 
Whatever  may  have  seemed  wise  or  necessary  in  the  early  settlement 
of  the  country,  when  but  one  or  two  crops  could  be  grown  and  mar- 
keted, it  is  no  longer  necessary,  with  our  vast  transportation  facilities 
and  ever-growing  markets,  to  overload  or  abuse  the  soil  by  making  it 
produce  crops  to  which  it  is  poorly  adapted  or  in  such  amounts  and  at 
such  short  intervals  that  it  can  not  properly  digest  and  take  care  of 
the  excreta  and  waste  products  of  the  crop  before  another  crop  of  the 
same  kind  is  forced  upon  it. 

Furthermore,  it  is  quite  probable  that  some  of  the  soils  which  we 
count  as  unproductive  and  unsuited  to  our  staple  crops,  or  where  the 
expense  of  putting  them  in  condition  for  good  yields  would  not  at 
this  time  be  justified,  may  be  found  peculiarly  adapted  to  new  crops 
for  food,  drugs,  or  fiber,  or  plants  might  be  adapted  to  them  by  intro- 
duction and  breeding.  This  has  been  the  experience  in  many  notable 
cases;  for  example,  the  utilization  of  the  light  sands  of  the  Coastal 
Plains  for  truck  crops,  which  only  twenty-five  or  thirty  years  ago 
were  considered,  and  which  were  indeed,  under  the  conditions  which 
had  prevailed,  quite  worthless  for  agricultural  crops.  Also  the  utili- 
zation of  the  otherwise  valueless  coast  prairie  lands  of  Louisiana  and 
Texas  for  rice  culture,  when  a  particular  variety  of  rice  able  to  stand 
the  peculiar  climatic  conditions  was  found  by  one  of  our  explorers  in 
Japan.  Many  other  instances  could  be  given  to  show  that  much  has 
been  done  in  the  profitable  utilization  of  peculiar  soil  conditions,  and 
it  seems  quite  certain  that  much  more  will  be  done  in  the  future  along 
the  same  lines. 

Much  has  been  done  in  our  laboratory  investigations  to  throw  more 
light  upon  the  complex  problem  of  the  fertility  and  infertility  of  the 
soil,  and  great  fields  for  new  lines  of  work  are  oi)ening  up,  based  on 
wliat  has  been  accomplished.  Investigations  in  these  fields  will,  we 
think,  throw  light  upon  the  still  more  obscure  problem  of  the  forces 
concerned  in  the  adaj^tation  of  crops  to  soil. 

The  work  on  the  nature  of  the  soil  and  the  conditions  affecting  fer- 
tility has  done  much  to  clear  up  many  practical  problems  and  make 
more  certain  the  proper  methods  of  soil  utilization  and  management. 
With  this  knowledge  should  go  extensive  knowledge  of  the  soil  in 
different  ])arts  of  the  United  States,  best  gained  through  active  work 
in  the  soil  survey.  With  this  must  go  a  careful  study  of  the  cli- 
matic conditions  and  of  the  soil  in  the  field  as  to  the  texture,  color, 
drainage  conditions,  depth,  and  character  of  subsoil.  The  elevation 
and  exposure  must  V)e  considered,  and  then  a  very  thorough  study 
should  be  made  of  the  character  of  the  native  vegetation,  including 
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trees,  shrubs,  and  weeds,  and  their  relative  proportions  and  kind  of 
development.  Lastly,  the  vast  experience  of  farmers  must  be  con- 
sulted and  the  causes  of  their  successes  and  failures  must  be  studied. 

There  are,  as  will  be  seen  by  a  careful  study  of  the  soil  descriptions 
in  the  latter  part  of  this  bulletin,  large  areas  of  soils  in  the  United 
States  not  now  profitably  cultivated  to  crops  because  they  are  un- 
-suited  to  any  of  our  staple  crops.  Somewhere  in  the  world  similar 
soils  under  similar  conditions  may  be  found  adapted  to  special  indus- 
tries, and  our  agricultural  explorers  are  finding  and  sending  in 
plants  and  seeds  which  will  enable  us  to  take  up  some  of  the  present 
waste  lands.  Much  is  also  being  accomplished  through  the  develop- 
ment of  irrigation  systems,  as  well  as  through  the  reclamation  of 
swamps  and  overflowed  lands  adapted  after  reclamation  to  special 
crops  of  high  value,  for  example,  truck  crops,  peppermint,  celery, 
onions,  and  the  like.  We  have,  however,  an  apparently  even  more 
difficult  problem  in  the  utilization  of  some  of  our  extremely  sandy 
soils  or  barrens,  where  the  sand  is  so  loose  and  incoherent,  so  deep 
and  dry,  that  none  of  our  present  crops  are  adapted  to  them.  We  also 
have  large  areas  of  gravel  soils  and  stony  soils  that  are  of  little  use, 
although  with  the  same  amount  of  gravel  and  stones  in  other  soils  we 
can  adapt  them  to  very  profitable  purposes.  We  also  have  the  ex- 
treme types  of  plastic  clays,  like  the  Susquehanna  clay,  covering  large 
areas,  very  poorly  adapted  to  any  of  our  common  crops,  poorly 
adapted  to  fruit  or  forest  growth,  and  which  are  so  costly  to  improve 
that  they  are  at  present  practically  useless  for  profitable  agriculture. 
It  would  seem  that  some  kind  of  crop  or  some  industry  could  be  de- 
vised for  the  profitable  utilization  of  these  at  present  useless  lands  if 
the  problem  were  conscientiously  studied.  We  also  have  the  utiliza- 
tion of  vast  areas  of  cut-over  pine  lands,  and  our  people  have  to 
decide  whether  these  can  most  profitably  go  back  into  forests,  or,  if 
they  are  taken  up  for  agricultural  holdings,  what  crops  and  what 
methods  of  cultivation  can  be  adapted  to  them  ?  Some  of  these  lands 
it  is  known  are  strong  agricultural  soils,  w^hile  others  are  known  to 
offer  such  difficulties  to  the  production  of  economic  crops  as  to  make 
the  problem  of  their  adaptation  extremely  difficult.  Taken  all  in 
all,  the  problem  of  what  we  had  best  do  with  the  great  soil  resources 
of  the  country,  which  becomes  apparent  upon  a  careful  stud}^  of.  the 
soil  series  and  miscellaneous  types,  is  one  which  is  well  worthy  of 
consideration  and  of  intelligent  and  systematic  investigation. 

Some  of  these  series  are  of  small  extent  and  are  therefore  rela- 
tively unimportant  from  a  national  standpoint,  however  important 
they  may  be  to  the  States,  and  particularly  to  the  individuals  occupy- 
ing them  as  farms.  Some  of  the  soil  series  so  far  mapped  are  larger 
in  the  aggregate  than  some  of  our  States  and  larger  than  some  of  the 
independent  countries  of  the  world.  The  soil  experts  of  the  soil 
survey,  making  explorations  and  studies  of  these  soils  extending 
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over  different  parts  of  the  United  States,  under  different  climatic 
conditions  and  cultural  and  crop  methods,  and  spending  months  and 
years  in  the  study  of  similar  types  and  series  of  soils,  acquire  an 
expert  knowledge  of  the  soils  and  the  possibilities  of  improving  them 
and  our  crop  conditions  which  makes  their  judgment  sought  for 
by  practical  men  who  desire  information  as  to  the  chances  of  success 
in  the  introduction  of  new  industries,  as  to  the  improvement  of  exist- 
ing conditions,  and  as  to  the  varieties  of  fruit,  truck  or  field  crops 
that  are  adapted  to  certain  soil  types. 

AGRICULTURAL   RANK   OF   SOILS. 

The  soil  type — ^the  imit  of  soil  mapping — may  vary  greatly  through- 
out its  extent  in  agricultural  value,  depending  upon  the  proper 
handling  of  the  soils,  the  advantage  taken  of  opportunities  for  spe- 
cial crops,  the  proximity  of  markets,  and  the  condition  of  transporta- 
tion facilities.  These  are  all  factors  that  are  changing  from  day  to 
day,  and  the  Bureau  has  never  attempted  to  classify  the  soils  accord- 
ing to  their  current  rank  as  factors  in  our  agricultural  output,  but 
rather  to  weight  them  on  the  basis  of  their  potentiality,  no  matter 
whether  they  were  being  used  to  their  full  capacity,  were  lying  idle, 
or  were  still  in  their  virgin  state. 

Nevertheless,  after  nine  years'  work  of  the  soil  survey,  it  would 
seem  that  some  new  facts  in  regard  to  the  relative  importance  of  the 
several  classes*'  of  soils  may  be  brought  out  by  an  arrangement  of 
the  soils  on  the  basis  of  their  present  usefulness,  and  such  a  compil- 
ation, limited  of  course  to  the  actual  area  covered  bv  the  soil  survev, 
is  summarized  in  the  following  table.  The  table  gives  the  classes  of 
soils,  the  number  of  types  of  soil  in  each  class,  the  acreage  of  each 
class  according  to  agricultural  rank,  and  the  total  acreage  of  each 
class  and  each  rank  so  far  surveyed. 

Soils  of  the  United  tilaics  grouped  by  clantteft  and  present  agricultural  rank. 


Class  of  soil. 


Stony  loams  and  clays. 
Shale  and  slate  loams. 

Gravelly  loams 

Sands 

tine  sands 

Sandy  loams 

Fine  sandy  loam^t 

Loams 

Silt  loams 

Clay  loams 

Clays 

Unclassified 


Total. 


Num- 
ber of 
types. 


45 
9 
62 
48 
31 
74 
90 
122 
80 
68 
76 
10 


Relative  agricultural  rank. 


496,582 
3.110.178 
1,840.704 
3.445.691 
6.698.302 
6.627,975 
7.353,820 
4,419.385 
6,310,148 

733,203 


Second 
rank. 


Acres. 

710,235 

100. 0:^2 

315.808 

661. 411 

866.770 

4.958,165 

1.041,105 

2.8<»9,422 

7,307,197 

874,507 

1,438,353 

2.472,216 


715  I  42,084/250     26,610,220 


Third  rank. 


Acres. 
5,000.ai0 

690.126 
1,650,013 
2,166,884 

447,666 
1,806,421 

736.956 
1,753.420 
3,811,168 

629,962 
2,577,165 

611,540 


21,879,261 


Nonagri- 
cultural. 


Acres. 
1,664 
47,010 
2. 752 


3.352,927 


Total. 


Acres. 

6,710,211 
837.198 

2.465,156 

5,837,473 

8,166,040 
10,209,277 
11,476.363 
11.250,817 
18,472,186 

5.923.844 
10.320.666 

7,169,885 


3,404,883       93,828,114 


a  The  *' stony  loams,"  **  loams,"  **8ilt  loams,"  ''clays,"  etc.,  each  form  a  class. 
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The  foregoing  table  shows  that  the  survey  has  encountered  104 
types,  amounting  in  the  aggregate  to  42,044:,241  acres,  which  may  be 
classed  as  of  the  first  agricultural  rank,  271  types  with  a  total  of 
26,510,308  acres,  of  the  second  rank,  and  271  types,  with  an  extent  of 
21,869,182  acres,  which  may  be  considered  at  present  of  the  third 
rank.  In  this  grouping  it  must  be  borne  in  mind  that  the  type  is 
considered  as  a  whole,  and  that  an  extensive  soil,  though  highly 
developed  in  some  particular  area  or  areas,  would  still  be  classed 
with  soils  of  lower  rank  if  the  greatest  proportion  of  its  area  was 
indifferently  utilized  or  used  not  at  all.  To  take  a  concrete  case,  the 
Dekalb  stony  loam  (area  749,496  acres),  is  classed  with  soils  of  the 
third  agricultural  rank,  notwithstanding  that  it  is  used,  in  the  moun- 
tains of  Maryland,  for  instance,  in  the  production  of  peaches,  and  is 
eminently  adapted  to  this  crop.  The  acreage  at  present  in  peach 
orchards  is  relatively  very  small,  and  the  great  part  of  the  type  still 
undeveloped  determines  its  position  in  the  third  rank. 

This  example  brings  out  clearly  some  of  the  problems  awaiting 
solution  by  the  Department.  As  has  been  pointed  out,  soils  are  not 
fixed  by  inherent  qualities  in  the  ranks  to  which  their  present  utili- 
zation assigns  them.  Economic  conditions  are  changing  constantly, 
and  these  may  make  of  great  value  soil  areas  that  heretofore  had 
scarcelv  been  considered  worth  cultivation.  The  introduction  of 
bright  yellow  tobacco  in  North  Carolina,  for  instance,  increased  the 
price  of  the  sandy  lands  tenfold.  Some  of  the  sandy  types,  which 
thirty  or  forty  years  ago  would  have  been  classed  as  of  low  rank, 
have  by  special  adaptation  to  truck  growing  been  changed  during 
the  last  generation  to  a  position  of  the  highest  rank.  Similarly,  by 
i-eason  of  special  adaptation,  some  of  the  stony  loams  and  clays  have 
passed  from  the  lower  to  the  higher  ranks.  Some  of  this  progress 
will  come  inevitably  as  the  result  of  increasing  rural  settlement  and 
the  growth  of  urban  population  and  markets;  but  one  of  the  most 
promising  fields  for  work  that  the  Department  has  to-day  is  the 
field  of  research  to  discover  special  crop  adaptations  for  the  soils 
at  present  ranking  as  inferior  factors  in  our  agricultural  economy, 
and  thus  to  raise  these  soils  to  positions  of  greater  utility.  The 
most  potent  agencies  working  to  this  end  will  always  be  the  selection 
of  new  crops  and  the  aiding  and  fostering  of  new  industries,  though 
of  only  less  imi)ortance  is  the  question  of  soil  improvement.  The 
problem  resolves  itself  into  two  broad  divisions — the  extension  of 
established  industries  on  soils  of  known  high  value  for  certain  crops, 
and — a  more  difficult  matter — the  utilization  of  soils  of  unknown 
adaptations  or  perhaps  of  inherent  qualities  adverse  to  profitable 
cultivation. 
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FEBTILIZEBS   AND  MANUBES. 

The  reason  for  the  beneficial  effect  of  fertilizers  has  long  been  held 
to  be  due  to  the  supplying  of  mineral  plant  food  to  the  soil  in  a  more 
soluble  or  available  form  than  is  found  in  soils  of  low  productive 
capacity.  There  are  three  great  facts  which  have  never  been  satis- 
factorily explained  under  this  hypothesis:  (a)  Stable  manure  as  a 
rule  has  a  much  higher  fertilizer  value  thfln  would  be  indicated  by  the 
amount  of  mineral  plant  food  elements  it  contains.  (6)  Plants  contain 
usually  as  much,  or  more,  of  silica,  iron,  aluminum,  magnesium,  and 
sodium  as  of  nitrogen,  potash,  phosphoric  acid,  or  lime,  and  the 
former  group  are  as  necessary  to  plant  life  and  are  quite  as  insoluble 
in  their  soil  compounds  as  the  latter;  they  are  rarely  used  success- 
fully as  fertilizers,  and  they  are  not  considered  commercially  as 
being  in  the  class  of  plant  foods,  (c)  Certain  non plant  food  sub- 
stances, such  as  copper  sulphate,  ferrous  sulphate,  common  salt,  and 
some  three  or  four  hundred  substances  which  have  been  tried  from 
time  to  time  do  give  occasionally  very  beneficial  results.  However,  it 
is  not  always  possible  to  explain  any  fact  by  hypothesis,  however 
broad  we  make  it,  and  as  we  know  that  nitrogen,  potash,  and  phos- 
phoric acid  are  essential  elements  of  plants,  and  as  we  often  get  bigger 
yields  after  applying  substances  containing  them  to  the  soil,  we  have 
come  to  look  upon  the  question  as  proved  that  they  act  solely  or  prin- 
cipally through  feeding  the  plant. 

Another  fact  which  we  have  known  for  a  long  time  and  which  we 
have  not  been  able  satisfactorily  to  explain  is  that  dwarfed  plants 
or  plants  on  infertile  soils  often  contain  a  larger  percentage  of  ash 
than  better  plants  grown  on  more  productive  soils.  This  would  indi- 
cate that  on  such  poor  soils  they  are  able  to  take  up  more  potash, 
phosphoric  acid,  and  lime  than  they  are  able  to  elaborate  into  good 
plant  tissue. 

The  most  advanced  scientific  work  now  shows  that  fertilizers  have 
another  and  an  important  function  in  keeping  the  soil  sweet  and 
sanitary  for  the  plants. 

The  natural  supply  of  mineral  plant  food  comes  directly  from  the 
solution  of  the  mineral  particles  of  the  soil.  The  solubility  of  these 
minerals  gives  a  very  dilute  solution,  but  adequate  in  amount  and 
rapidity  of  solution  for  the  need  of  field  crops.  Furthermore,  the 
soil  has  a  great  absorbent  power,  and  soluble  fertilizer  minerals 
applied  to  the  soil  do  not  long  remain  in  the  free  or  capillary  water 
in  which  plants  are  supposed  to  feed.  That  is,  when  a  soluble  phos- 
phate salt  is  added  to  a  soil  in  the  usual  amount,  or  even  in  much 
greater  amount  than  is  ordinarily  applied,  it  can  not  again  be 
obtained  by  simply  washing  the  soil,  as  it  is  withdrawn  from  the  solu- 
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tion  and  firmly  held  by  the  surface  of  the  solid  grains,  and  the  soil 
moisture  is  not  sensibly  enriched  by  the  application. 

It  has  been  shown  that  another  cause  of  the  low  yields,  in  cases 
where  the  physical  conditions  of  the  soil  are  satisfactory,  is  the 
presence  in  the  soil  of  toxic  organic  substances  resulting  in  part  from 
crops  which  have  previously  occupied  the  land,  and  very  frequently 
through  neglect  of  proper  methods  of  tillage.  A  number  of  these 
toxic  compounds  have  now  been  separated  from  the  soil,  identified, 
and  their  properties  studied.  These  are  rather  instable  compounds 
under  certain  soil  conditions.  That  is,  they  can  be  rather  easily  oxi- 
dized or  broken  down  into  other  bodies  usually  much  less  toxic  or 
even  l)eneficial,  and  often  this  oxidization  or  decomposition  takes 
place  more  easily  if  readily  decomposable  organic  matter  lite  stable 
manure  be  placed  in  contact  with  them. 

The  infertility  due  to  one  of  these  toxic  compounds  of  a  soil  is 
transmitted  to  an  extract  of  the  soil  (water  whicli  has  saturated  the 
soil),  and  if  seedling  plants  be  grown  in  such  an  infertile  extract 
the  growth  can  be  markedly  improved  in  a  number  of  ways:  (a)  By 
adding  certain  fertilizer  salts;  (h)  by  easily  oxidizable  organic  mat- 
ter like  pyrogallol;  (r)  by  absorbing  substances  like  carbon  black, 
absorbent  cotton,  or  shredded  filter  paper;  (d)  by  simple  boiling, 
and  (e)  by  diluting  the  soil  extract  with  pure  distilled  water.  The 
effect  of  increasing  the  vegetative  growth  shared  in  common  by  these 
agents  can  not  be  ascribed  to  the  power  of  actually  feeding  the  plant, 
for  this  power  is  possessed  by  only  one  of  them. 

The  first  and  immediate  effects  of  fertilizers  is  sometimes  dele- 
terious. Even  if  nitrate  of  soda  be  added  to  a  soil  which  is  known 
to  respond  to  this  fertilizer  and  an  extract  be  made  of  the  soil  imme- 
diately after  adding  the  fertilizer  this  extract  may  not  be  as  beneficial 
as  the  extract  of  the  unfertilized  soil,  while  if  the  nitrate  had  been 
allowed  to  act  on  the  soil  for  several  days  before  the  extract  had  been 
taken  it  would  have  been  much  improved. 

The  same  thing  has  been  observed  with  soluble  phosphates,  that  is, 
that  it  takes  an  appreciable  time  for  the  beneficial  results  to  appear 
and  the  first  effect  is  often  deleterious.  This  is  even  more  pro- 
nounced in  the  case  of  green  manure,  which  must  have  a  certain  time 
to  act  on  the  soil  before  it  it  safe  for  plants,  although  this  is  usually 
only  a  matter  of  a  few  days.  When  nitrates  are  added  to  infertile 
extracts  and  plants  grown  therein  they  often  disappear  entirely  from 
the  solution  before  their  full  beneficial  effect  is  felt,  as  shown  by  the 
increased  growth  of  the  second  crop  of  plants  in  the  same  solution 
from  which  the  nitrates  had  been  removed  by  the  first  crop. 

Fertilizers  destroy  or  change  known  toxic  bodies,  sometimes  by 
combining  with  them  to  make  salts  which  are  nontoxic  or  beneficial 
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and  sometimes  by  actually  increasing  the  rate  at  which  the  toxic  or- 
ganic bodies  are  oxidized,  so  that  the  most  delicate  chemical  tests  fail 
to  show  a  trace  of  the  organic  substance  that  was  present  before  the 
fertilizer  was  added.  Very  often  plants  themselves  destroy  the  toxi(* 
material,  and  plants  and  fertilizers  together  often  act  much  quicker 
and  more  effectively  than  either  alone. 

There  is  evidence,  therefore,  that  the  fertilizers  do  something  to  the 
soil  to  put  it  into  better  condition  for  crops.  In  disappearing  the 
fertilizers  have  performed  some  function,  have  acted  on  some  con- 
stituent of  the  soil  that  had  heretofore  retarded  the  growth  of  plants, 
and,  by  its  removal,  oxidation,  or  other  change,  have  rendered  the  soil 
a  better  medium  for  the  growth  of  the  plant. 

The  results  of  fertilizer  plot  tests,  along  which  lines  a  vast  amount 
of  work  has  been  done,  and  the  experience  of  farmers  seem  to  indicate 
that  in  a  majority  of  cases  nitrates  increase  vegetative  growth  of 
plants ;  phosphates  tend  rather  to  check  this  vegetative  growth  or  to 
produce  relatively  more  seed,  while  potash  appears  to  promote  starch- 
forming  activities  (develop  tubers  in  potatoes)  and  to  improve  the 
quality  of  fruits  (for  example,'  apples).  Combinations  of  these  ele- 
ments often  seem  to  show  in  their  effect  the  results  which  would  be 
expected  from  each  alone,  that  is  to  say,  a  mixture  of  nitrogen  and 
phosphorus  may  increase  the  vegetative  growth  and  also  increase  the 
amount  of  grain  produced  on  the  wheat  plant.  By  adjusting  the  pro- 
portion of  these  elements  it  has  doubtless  been  possible  in  many  cases 
to  modify  the  crop  within  limits  as  desired.  So,  in  the  same  way, 
with  potatoes,  a  moderate  supply  of  nitrogen,  either  in  the  form  of 
nitrate  of  soda  or  of  organic  matter,  in  conjunction  with  potash, 
often  produces  an  increased  growth  of  vine  necessary  for  an  increased 
development  of  tuber. 

Another  fact  which  must  be  borne  in  mind  in  any  fundamental 
study  of  fertilizer  effects  is  that  these  effects  are  greatly  influenced 
by  weather  conditions.  It  is  a  common  experience  that  a  brand  of 
fertilizer  or  a  single  fertilizer  constituent  which  has  a  decidedly  bene- 
ficial effect  this  year  may  have  little  or  no  effect  on  the  same  soil  and 
the  same  crop  another  year  when  the  weather  conditions  are  markedly 
different.  It  is  this  variation  which  makes  fertilizer  practice  so 
uncertain.  It  is  inexplicable  from  the  plant-food  idea.  But  if  we 
view  the  soil  as  a  receptacle  for  plant  excreta  and  organic  remains 
which  in  certain  forms  may  be  harmful  to  succeeding  crops,  and  that 
this  organic  debris  must,  in  order  to  render  the  soil  safe  for  plants, 
decay,  through  oxidation  or  otherwise,  to  those  products  which  we 
recognize,  broadly,  as  humus  bodies,  then  w^e  may  readily  under- 
stand that  the  temperature,  humidity  (of  both  air  and  soil),  and 
even  sunshine  and  wind,  may  modify  the  process  through  which  this 
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decay  goes  on  to  such  an  extent  as  to  change  the  intermediate  bodies 
which  may  be  formed.  In  the  decay  of  the  organic  matter  through 
fermentation  or  otherwise,  not  one  but  many  intermediate  bodies  are 
formed,  some  of  which  may  be  beneficial  and  others  may  be  more  or 
less  deleterious,  to  crops  and  each  having  different  characteristic  prop- 
erties and  reactions  with  mineral  salts.  In  other  words,  if  we  look 
upon  the  cultivation  of  the  soil  as  a  method  to  promote  fermentation 
for  the  purpose  of  facilitating  certain  necessary  organic  changes  and 
of  rendering  the  soil  suitable  and  sanitary  for  a  subsequent  crop, 
then  we  may  expect  an  influence  of  climate  on  fertilizer  effects,  as  we 
would  have  different  intermediate  decomposition  products  formed  in 
the  breaking  down  of  the  organic  matter  under  different  moisture  and 
temperature  conditions. 

We  have  learned,  furthermore,  from  the  experience  of  farmers  and 
from  the  more  exact  methods  of  plat  and  pot  culture,  that  different 
combinations  of  the  different  plant-food  constituents  have  different 
effects  upon  the  crop.  For  example,  the  different  salts  of  potassium, 
the  different  forms  of  nitrogen  in  mineral  salts  and  in  organic  mate- 
rial, and  the  different  forms  of  phosphorus  have  different  effects  on 
different  soils,  with  different  crops,  and  in  different  seasons.  It  is 
easy  to  show  that  it  is  the  substance  rather  than  the  element,  for  the 
same  plant-food  element  may  be  in  compounds  which  are  more  or  less 
beneficial  or  in  other  compounds  which  produce  very  unfavorable 
conditions  in  the  soil,  rendering  them  more  toxic  for  plant  growth. 

Such  in  a  broad  way  is  our  present  state  of  knowledge  in  regard 
to  the  principles  of  fertilizer  effects  on  soil  fertility. 

The  Bureau  of  Soils  has  made  a  thorough  comparative  investiga- 
tion of  the  fertilizer  and  manurial  requirements  of  several  hundred 
samples  of  soils  from  various  parts  of  the  United  States,  under  as 
nearly  as  possible  the  same  climatic  conditions.  These  investiga- 
tions show  that  fertilizers  are  relatively  more  effective  on  light  than 
on  heavy  soils ;  also  that  they  give,  as  would  be  expected,  the  greatest 
relative  effect  on  poor  soils  rather  than  on  rich  soils,  when  both  are 
put  in  good  physical  condition. 

The  results  with  commercial  fertilizers,  or  rather  with  the  mineral 
salts  ordinarily  found,  in  commercial  fertilizers,  show  in  about  29 
per  cent  of  the  cases  that  the  elements  are  nearly  interchangeable — 
that  is,  that  nearly  equal  effects  are  obtained  with  common  fertilizer 
salts  containing  potassium  or  nitrogen  or  phosphorus.  About  11  per 
cent  of  the  cases  show  that  when  two  or  more  elements  are  used 
together  the  resultant  increase  in  the  crop  is  greater  than  the  sum  of 
the  increase  obtained  by  each  of  the  elements  used  separately  on  other 
samples  of  the  soil.  Lastly,  it  is  shown  that  in  about  60  per  cent  of 
the  cases  the  sum  of  the  increase  in  growth  due  to  each  fertilizer  con- 
stituent when  used  alone  is  greater  than  the  increase  obtained  from  a 
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mixture  of  the  fertilizer  constituents  applied  to  a  separate  sample  of 
the  soil,  although  the  mixture  gives  a  larger  absolute  increase  than 
any  one  of  the  ingredients  composing  it  when  used  alone. 

Comparing,  now,  the  relative  efficiency  of  mineral  fertilizers  and 
organic  manures,  it  is  found  that  the  number  of  cases  where  the 
greatest  increase  is  obtained  from  the  organic  manures  is  far  in  excess 
of  the  cases  where  the  mineral  fertilizers  have  given  the  largest  in- 
crease in  plant  growth.  The  actual  results  of  this  work  showing 
the  number  of  cases  where  organic  manure  or  complete  mineral  fer- 
tilizers have  given  the  greatest  increase  in  yield  are  as  follows : 

Per  cent 

Manure 38 

CJowpeas  and  lime 38 

Complete  mineral  fertUizer  and  lime 20 

Complete  mineral  fertilizer  alone 4 

Total 1 100 

It  would  seem  from  this  that  for  the  greater  number  of  soils  the 
most  eflScient  fertilizers  of  the  future  will  be  of  organic  rather  than 
mineral  origin,  provided  that  when  such  a  substance  is  found  it  can 
be  obtained  in  sufficient  quantity  and  at  a  sufficiently  low  cost  and  be 
at  the  same  time  less  bulky  to  ship  than  stable  manure. 

There  is  a  general  feeling,  although  this  does  not  seem  to  be  borne 
out  in  practice,  that  both  nitrate  of  soda  and  potash  are  more  efficient 
in  moderately  cool  climates  and  phosphates  and  organic  nitrogen  in 
warmer  climates.  The  Bureau's  comparative  study  under  similar 
climatic  conditions  indicates  that  on  the  soils  of  the  North  Central 
States  manure  is  about  three  times  as  efficient  as  mineral  fertilizers. 

In  the  soils  of  the  Atlantic  and  Gulf  States  manure  and  green 
manure  are  about  equally  as  effective  as  mineral  fertilizers.  It  must 
not  be  forgotten  that  on  certain  soils,  either  under  field  conditions  or 
in  pots,  manure  appears  to  be  deleterious  and  on  some  soils  mineral 
fertilizers  likewise  appear  to  be  deleterious,  although  the  cases  where 
either  of  these  extreme  results  occur  are  very  rare. 

It  has  been  shown  by  the  investigations  of  the  Bureau  and  also  by 
others  that  the  beneficial  effect  of  stable  manure  is  due  principally  to 
the  organic  constituents  of  the  manure  rather  than  to  the  mineral 
»^alts  which  it  contains.  We  know,  too,  that  the  same  food  passing 
through  a  man,  horse,  cow,  pig,  or  poultry  gives,  with  the  same  min- 
eral constituents,  manures  of  very  different  properties  and  values, 
because  of  the  difference  in  the  character  of  the  organic  constituents 
resulting  from  the  differences  in  the  digestive  processes  and  meta- 
bolic processes  in  the  animals  through  which  the  food  has  passed. 

In  the  case  of  horse  manure  we  also  know  that  it  is  advisable,  and 
for  some  soils,  as  well  as  for  some  plants,  necessary,  to  give  the  manure 
a  preliminary  fermentation  before  it  is  applied  to  the  soil.    In  other 
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words,  on  some  soils  we  can  safely  use  fresh  manure  and  even  have  it 
contain  a  great  deal  of  coarse  litter,  while  on  other  soils  we  can  safely 
use  only  well-fermented  manure  in  which  even  the  litter  originally 
present  has  lost  its  form  and  ha^s  become  well  broken  down.  Straw 
as  such  is  often  deleterious  when  applied  directly  to  the  soil  and 
turned  under,  but  straw  mixed  with  manure  and  partly  fermented 
in  the  manure  pile  is  beneficial  to  most  soils,  indicating  a  difference 
in  the  way  decomposition  proceeds,  whether  this  starts  directly  in  the 
soil  or  in  the  manure  pile. 

Of  the  organic  matters  used  directly  or  indirectly  as  manure,  the 
most  effective  are  those  containing  a  large  proportion  of  nitrogenous 
bodies.  The  leguminotis  plants  are  the  most  effective  as  green 
manure  and  the  manure  from  a  grain-fed  horse  is  more  effective  than 
from  a  horse  fed  principally  hay  or  on  pasture.  The  protein  bodies 
are  as  a  rule  very  complex  and  break  down  through  oxidation,  fer- 
mentation, and  the  action  of  enzymes  or  bacteria  into  bodies  many 
of  which  are  liow  known  to  be  beneficial  or  detrimental  to  plants. 
The  same  original  substance  may  break  down  into  beneficial  or  detri- 
mental substances,  according  to  the  agencies  acting  on  it  and  the 
conditions  under  which  they  act.  Fresh  pea  vines  and  pea-vine  hay 
may,  and  usually  do,  give  very  different  results  when  applied  to  any 
particular  soil.  Ground  wheat  seed  and  germinating  wheat  seed 
have  very  different  effects  upon  the  soil.  So  it  is  evidently  not  the 
nitrogen,  but  the  compound,  which  determines  the  action  on  the  soil. 

It  is  generally  believed  that  the  beneficial  effect  of  nitrogenous 
fertilizers  is  due  to  nitrification,  through  bacterial  action,  with  the 
ultimate  formation  of  nitrates,  and  this  is  undoubtedly  important, 
not  so  much  because  of  the  nitrates  formed,  but  because  decomposi- 
tion proceeding  in  that  way  is  generally  more  beneficial  than  if  it 
proceeds  in  other  ways  when  other  less  beneficial  intermediate  prod- 
ucts may  be  formed. 

These  nitrogenous  bodies  have  a  direct  effect  on  soil  conditions, 
making  the  soil  either  better  or  worse  for  plant  growth.  Some  of 
the  toxic  bodies  which  have  been  separated  from  the  infertile  soils  in 
our  laboratories  are  nitrogenous  bodies. 

Coming  now  to  a  consideration  of  the  commercial  fertilizers, 
which  are  being  used  by  our  farmers  to  the  extent  of  probably 
$80,000,000  or  $100,000,000  annually,  it  is  apparent  that  the  nature 
of  the  substance  containing  the  plant-food  element  is  quite  as  impor- 
tant in  judging  of  the  efficiency  of  a  fertilizer  for  any  particular  soil 
or  crop  as  is  the  actual  percentage  of  the  element  present. 

The  substances  commonly  used  as  carriers  of  phosporus  in  com- 
mercial fertilizers  are  the  southern  phosphate  rock,  ground  bone, 
bone  meal,  boneblack,  acid  phosphate,  reverted  phosphate,  floats, 
Thomas  slag,  and  redondo  phosphates. 
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The  substances  commonly  used  as  carriers  of  nitrogen  are  nitrate 
of  soda,  sulphate  of  ammonia,  cotton-seed  meal,  dried  blood,  tank- 
age, fish  scrap,  guano,  and  castor  pomace.  Other  nitrogenous  sub- 
stances, like  horn,  hair,  feathers,  and  wool  waste,  are  prohibited  by 
the  laws  of  many  States  from  being  incorporated  into  commercial 
fertilizers,  as  they  are  not  considered  good  substances  for  fertilizer 
use,  although  they  are  highly  nitrogenous.* 

The  substances  commonly  used  as  carriers  of  potassium  are  kainit, 
muriate  of  potash,  sulphate  of  potash,  and  carbonate  of  potash. 
There  are  other  potash  salts,  as,  for  example,  iodide  of  potash  and 
chlorate  of  potash,  which  are  harmful  and  could  not  be  used  in 
fertilizers  even  if  Jthey  could  be  obtained  cheaply  enough. 

It  is  the  experience  of  farmers  and  of  investigators  generally  that 
these  different  carriers  of  phosphorus,  of  nitrogen,  and  of  potash 
act  differently  on  different  soils  and  in  different  seasons  and  with 
different  crops — ^that  is,  that  raw  rock  phosphate,  ground  bones, 
boneblack,  acid  phosphate,  floats,  and  slag  are  different  substances 
which  may  act  differently  on  different  soils  with  different  crops  and 
with  different  seasons.  Likewise  that  nitrate  of  soda,  sulphate  of 
ammonia,  cotton-seed  meal,  dried  blood,  fish  scrap,  and  guano  are 
different  substances  in  an  agricultural  as  well  as  in  a  commercial 
sense,  and  this  in  addition  to  their  differences  in  nitrogen  content. 

Most  tobacco  growers  and  many  truck  and  fruit  growers  recog- 
nize a  difference  in  the  agricultural  value  of  kainit,  muriate,  sul- 
phate, and  carbonate  of  potash  as  influencing  the  quality  if  not  the 
yield  of  their  crops.  It  is  true  that  no  definite  law  has  ever  been 
worked  out  even  for  a  particular  field,  but  this  is  probably  due  in 
large  measure  to  a  lack  of  knowledge  of  how  these  substances  act  and 
the  influences  which  control  their  action  on  the  soil. 

It  seems  entirely  probable  that  in  the  future  we  will  require  to 
know  in  buying  commercial  fertilizers  not  only  the  percentage  com- 
position of  plant-food  constituents,  but  the  nature  of  the  substances 
containing  them.  This  would  presuppose  that  the  farmer  knew 
whether  nitrate  of  soda,  cotton-seed  meal,  or  dried  blood  would  give 
the  better  results  on  his  soil  and  for  the  crop  he  proposes  to  grow — 
a  fact  which  it  is  not  difficult  to  imagine  he  could  determine  for 
himself  within  limits  with  the  wire-pot  method  devised  and  described 
by  the  Bureau  of  Soils. 

<*  The  Kansas  law  requires  a  guaranty  from  the  manufacturer  or  seller  desir- 
ing to  register  a  brand  of  fertilizer  for  sale  In  the  State  that  the  **  fertilizer 
contains  no  horn,  hoof,  hair,  feathers,  or  other  similarly  inert  nitrogenous  mat- 
ter," and  requires  the  manufacturer  or  seller  to  "  state  the  sources  of  the 
constituents  of  the  brand  of  fertilizer  offered  for  registration,  which  statement 
and  the  information  contained  therein  shall  be  recorded  for  reference,  and  shall 
not  be  disclosed  by  the  State  director  unless  the  materials  used  are  such  as  are 
liable  to  lower  the  standard  of  the  fertilizer  or  give  it  deleterious  properties." 
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Everyone  who  has  given  any  thought  to  the  matter  realizes  the 
woeful  confusion  and  lack  of  intelligent  control  there  is  in  our  fer- 
tilizer practice.  This  is  due  solely  to  our  lack  of  knowledge  of  the 
real  functions  of  fertilizers.  We  buy  what  is  offered  to  us  on  a 
basis  of  the  percentage  of  potash,  nitrogen,  and  phosphoric  acid, 
without  a  knowledge  of  the  character  of  the  ingredients.  The  manu- 
facturer and  dealer  offer  us  the  best  tfaey  can,  and  their  goods  are 
nearly  always  up  to  the  guaranty  so  far  as  plant-food  elements  are 
concerned,  but  neither  the  manufacturer  knows,  nor  do  we  who  make 
the  purchase  know,  what  carrier  the  element  should  be  in  to  suit  our 
particular  needs.  If  we  did  know^the  manufacturer  would  only  be 
too  glad  to  furnish  the  actual  kind  of  material  needed  for  our  soil 
and  crop.  It  would  cost  him  no  more  in  the  long  run  and  would  be 
better  business  and  give  more  satisfaction  all  around. 

The  experience  of  farmers  and  the  results  of  scientific  investigation 
show  that  both  the  material  and  the  proportion  of  the  different 
materials  in  a  mixed  fertilizer  may  have  an  important  influence  on 
the  results  for  any  particular  soil,  so  that  it  would  seem  highly 
important  that  each  brand  of  fertilizer  should  have  a  guarantee  as 
to  the  kind  and  amount  of  each  ingredient  in  which  the  desirable 
plant-food'  ingredient  is  carried.  We  already  know  some  of  the 
principles  which  should  guide  us  in  the  selection  of  materials  for 
some  of  our  soils  and  crops,  and  it  does  not  seem  impossible  for  us  to 
extend  our  knowledge  greatly  along  these  lines,  now  that  we  are 
beginning  to  comprehend  the  problem  and  the  fimction  and  the 
mode  of  action  of  fertilizers. 

To  show  how  hopelessly  confused  our  fertilizer  practice  is  at  pres- 
ent and  the  great  need  for  straightening  the  matter  out,  let  us  care- 
fully analyze  the  situation  in  a  single  State,  as  contained  in  an 
official  report  of  the  North  Carolina  department  of  agriculture  for 
the  year  1907.  There  were  1,575  brands  of  fertilizers  registered 
under  the  law  for  sale  in  the  State.  These  were  accredited  to  113 
manufacturers,  and  practically  all  of  them  came  up  to  the  guarantees 
so  far  as  the  plant- food  elements  were  concerned.  Considering  the 
guarantees  as  correct,  720  brands,  or  52  per  cent,  contained  8  per 
cent  of  phosphoric  acid;  9C  brands,  or  7  per  cent,  contained  9  per  cent 
of  phosphoric  acid ;  and  203  brands,  or  15  per  cent,  contained  10  per 
cent  of  phosphoric  acid.  About  75  per  cent  of  the  brands,  therefore, 
contained  from  8  to  10  per  cent  of  phosphoric  acid. 

There  were  505  brands,  or  54  per  cent,  containing  2  per  cent  of 
ammonia;  229  brands,  or  24  per  cent,  containing  3  per  cent  of  am- 
monia; and  103  brands,  or  11  per  cent,  containing  4  per  cent  of 
ammonia.  That  is,  about  90  per  cent  of  all  mixtures  containing 
ammonia  had  from  2  to  4  per  cent  of  this  substance. 
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Of  the  mixtures  containing  potash,  445  brands,  or  37  per  cent,  con- 
tained 2  per  cent;  266  brands,  or  22  per  cent,  contained  3  per  cent; 
and  180  brands,  or  16  per  cent,  contained  4  per  cent  of  potash.  That 
is,  about  76  per  cent  of  the  mixtures  containing  potash  contained  from 
2  to  4  per  cent  of  this  substance. 

It  will  be  seen,  therefore,  that  in  a  large  proportion  of  the  mixtures 
the  amount  of  the  plant- food  elements  varied  only  2  parts  in  100 — a 
rather  small  variation  in  fact — ^but  we  must  remember  there  is  also 
possibly  a  large,  although  entirely  unknown,  variation  in  the  nature 
and  possible  efficiency  of  the  compounds  or  substances  carrying  the 
element. 

Considering  now  the  complete  fertilizers  containing  all  three  of 
the  plant-food  elements,  of  which  there  were  962  brands  registered, 
it  appears  that  there  were  246  brands,  or  26  per  cent,  which  had  the 
formula  8-2-2  per  cent  of  phosphoric  acid,  ammonia,  and  potash, 
respectively;  134  brands,  or  14  per  cent,  with  the  formula  8-3-3; 
and  33  brands,  or  3  per  cent,  with  the  formula  8  14,  or  412  brands, 
or  42  per  cent,  made  up  of  these  three  simple  formulae.  Do  the  246 
brands  of  the  formula  8-2-2  really  represent  different  fertilizers 
having  differences  which  are  apparent  on  different  soils?  Doubtless 
they  do,  for  it  is  not  only  apparent  from  the  figures  given,  but  it  is 
an  actual  fact  that  some  of  the  manufacturers  put  out  a  number  of 
brands  under  different  trade  names  having  the  same  formula,  so  far 
as  the  guaranty  shows.  Furthermore,  it  is  the  experience  of  farmers 
that  these  brands  do  differ  in  their  effects  on  the  soil.  If  these 
differences  do  exist,  it  must  be  due  to  differences  in  the  materials 
used  or  in  the  way  they  are  prepared  and  mixed. 

It  is  important,  therefore,  that  the  substances  used  in  the  prepara- 
tion of  the  fertilizers  be  stated  by  the  manufacturer  and  be  guar- 
anteed in  some  way,  so  that  each  farmer  may  know  exactly  what 
substances  he  is  buying  in  purchasing  mixed  fertilizers. 

The  uncertainty  in  our  fertilizer  practice  is  more  fully  exempli- 
fied in  the  formulae  presented  to  us  by  the  manufacturers  of  ferti- 
lizers for  the  growing  of  special  crops,  which  is,  of  course,  the  highest 
test  of  fertilizer  production  and  which  should  give  from  experience 
and  study  the  most  exact  knowledge. 

There  were  144  registered  brands  for  tobacco  in  the  North  Caro- 
lina report.  In  these  phosphoric  acid  ranged  from  4  to  9  per  cent, 
ammonia  from  2  to  5  per  cent,  and  potash  from  2  to  10  per  cent — 
very  wide  variations  it  must  be  admitted.  Seventy-seven  of  these 
brands  had  the  following  formulae : 

30  brands,  or  20  per  cent 8-^2 

19  brands,  or  13  per  cent 8-2-3 

43  brands,  or  30  per  cent 8-3-3 

11  brands,  or  8  per  cent 9-2-2 

8  brands,  or  6  per  cent '. 9-3-3 
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There  were  79  special  brands  for  cotton.  In  this  list  the  phos- 
phoric acid  content  ranged  from  8  to  10  per  cent,  ammonia  from  2 
to  4  per  cent,  and  potash  from  1  to  4  per  cent.  Eighty- four  per  cent 
of  the  brands  had  the  following  four  formulae : 

10  brands,  or  13  per  cent 8-2-1 

29  brands,  or  37  per  cent 8-2-2 

17  brands,  or  21  per  cent 8-3-3 

10  brands,  or  13  ver  cent 9-2-2 

The  variation  in  composition  of  the  special  brands  recommended 
for  truck,  potatoes,  grain,  and  com  is  so  great  that  they  can  not  be 
grouped  in  any  orderly  way,  under  a  few  heads,  as  the  above.  The 
results,  therefore,  are  given  in  the  following  tables,  in  which  the 
first  column  indicates  the  percentage  composition  and  the  other  col- 
umns the  number  of  brands  containing  the  different  plant-food  ele- 
ments corresponding  to  the  percentage  shown  in  the  first  column. 

There  are  105  brands  especially  recommended  for  truck,  as  follows : 


Per  cent 

Phosphoric 
acid,  No. 

Ammonia, 
No. 

Potash, 
No. 

4 
11 
14 
87 

6 
20 

9 

1 

4 

2 
8 
4 

5 
6 
7 
8 
9 
10 

5 

7 

19 
85 

5 
23 

1 

2 

8 

26 

84 

82 

1 

10 

There  are  63  special  brands  for  potatoes,  as  follows 


Per  cent. 

1 
2 
3 
4 
6 
6 
7 
8 
10 

Phosphoric 
acid,  No. 

Ammonia, 
No. 

Potash, 
No. 

1 

1 

6 

6 
16 

6 
20 

5 

4 

11 
4 
7 

21 
2 

16 

1 
2 
4 

20 

18 

15 

2 

There  are  53  special  brands  for  grain,  as  follows : 


Per  cent. 

Phosphoric 
acid,  No. 

Ammonia, 

No. 

Pota«h, 
No. 

1 
2 
3 

8 
23 

6 
20 

1 



13 
2 

4 

7 

8 

9 

10 

11 

12 

, 

24 

1 

25 

1 
1 

1 
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There  are  9  special  brands  for  corn,  as  follows: 


t>*>i.»<^r.r    .Phosphbric  Ammonia, 
rerceni.  .  ^^ij;  j^-^,  ^^ 


2 
3 
7 
8 
10 


Potash, 
No. 


7 
1 
1 


4 


How  can  the  farmers  select  with  judgment  the  fertilizer  suited  to 
their  own  particular  farms  from  the  L575  brands  offered  for  sale  in 
the  State  of  North  Carolina?  It  requires  no  words  of  comment  to 
show  the  need  of  a  thorough  investigation  on  this  subject. 

It  will  be  remembered  that  from  the  investigations  of  the  Bureau 
of  Soils  only  4  per  cent  of  the  soils  examined  gave  the  highest  in- 
crease of  growth  with  chemicals,  the  other  96  per  cent  giving  better 
results  with  manure  and  cowpeas,  and  yet  our  farmers  are  spending 
in  the  neighborhood  of  $100,000,000  for  commercial  fertilizers  made 
up  in  large  part  of  mineral  substances. 

The  investigations  of  the  Bureau  of  Soils  indicate  that  the  fer- 
tilizer requirements  do  not  follow,  except  in  a  most  general  way,  the 
great  soil  types,  but  depend  more  upon  the  cultivation  and  previous 
cropping  of  the  soil,  so  that  it  is  a  problem  of  the  farmer  or  of  the 
larger  community  where  similar  practices  prevail. 

Knowing  as  we  now  do  that  the  fertility  of  the  soil  is  largely  in- 
fluenced by  the  cultivation  the  soil  has  received  and  by  the  previous 
cropping,  which  leaves  the  soil  in  a  more  or  less  unsanitary  condition, 
the  investigation  should  be  extended  to  certain  typical  soil  conditions, 
which  should  be  tested  to  show  efficiency  of  each  fertilizer  substance 
and  various  combinations  of  them  for  such  crops  as  it  is  proposed  to 
grow.  There  seems  no  better  way  to  carry  on  the  preliminary  inves- 
tigations than  w^ith  the  wire-pot  method  devised  by  the  Bureau  of 
Soils,  and  there  could  well  be  cooperation  in  this  work  between  the 
farmers  and  the  experiment  stations  and  the  Bureau  of  Soils  in  an 
earnest  endeavor  to  straighten  out  this  large  and  important  subject. 

The  method  for  determining  the  fertilizer  requirements  with  wire 
pots  is  simple  and  direct,  as  the  effects  of  treatment  are  shown  by  the 
plants  themselves;  but  the  taking  of  samples  of  soil  requires  judg- 
ment, as  every  spot  where  the  small  sample  is  taken,  as  well  as  the 
time  of  year  or  character  of  the  season  when  the  sample  is  taken,  may 
influence  the  result.  The  sample  should  be  taken  at  as  near  as  possi- 
ble the  time  when  fertilizers. are  to  be  applied  to  the  field  and  should 
be  tested  before  it  has  had  time  to  dry  out.  This  throws  the  work  all 
into  a  very  short  space  of  time  in  the  veiy  busiest  part  of  the  year. 
The  ultimate  and  only  really  conclusive  test,  however,  of  the  fer- 
tilizer requirements  of  any  particular  soil  is  the  actual  field  test  on 
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the  farm  or  on  a  small  plot,  and  a  number  of  State  experiment  sta- 
tions and  State  departments  of  agriculture,  among  them  the  North 
Carolina  department  of  agriculture,  realizing  the  importance  of  this 
matter,  have  inaugurated  a  very  wise  system  of  test  farms,  located  on 
the  important  soil  types  of  the  State. 

SOME  FACTOBS  IN  CBOP  BOTATION. 

The  benefit  derived  from  a  suitable  rotation  of  crops  in  maintaining 
the  fertility  of  the  soil  has  been  known  and  has  been  conmiente<f  on 
fix)m  the  earliest  historical  times."  The  first  serious  consideration  of 
the  reason  for  this  seems  to  have  been  given  by  De  CandoUe,  who 
reached  the  conclusion  or  announced  the  opinion  that  the  deteriora- 
tion of  soils  s'^n  in  the  continuous  cultivation  of  the  same  crop  was 
due  to  a  poison  which  the  plant  excreted  and  which,  accumulating 
in  the  soil,  made  the  conditions  less  comfortable  for  succeeding  crops 
of  the  same  kind,  but  was  without  such  toxic  effects  toward  plants  of 
a  different  order.  Liebig  at  first  thought  that  this  was  the  only 
scientific  explanation  that  could  be  adduced  for  the  beneficial  effects 
of  rotation.  Later,  after  working  out  his  mineral  theory  of  plant 
growth,  he  gave  as  his  conclusion  that  plants  distort  the  ratio  of 
plant  food  and  so  effect  their  gradual  starvation,  unless  time  is  given 
for  the  soils  to  weather  or  another  crop  with  different  plant-food 
requirements  is  grown  on  the  soil  in  rotation  to  restore  the  proper 
balance  in  the  ratio  for  the  first  crop. 

Without  entering  into  the  evidence  which  can  be  adduced  to  show 
the  insuflBciency  of  Liebig's  views,  it  will  suffice  to  say  that  no  direct 
proof  of  Liebig's  contention  has  ever  been  presented.  De  CandoUe's 
hypothesis  has  been  exhaustively  investigated,  and  there  is  no  reason 
to  doubt  that  organic  substances  are  excreted  by  plants  or  formed  by 
bacteria  associated  with  specific  crops  which  do  become  toxic  under 
certain  soil  conditions. 

It  is  always  permissible  and  generally  easier  in  a  scientific  investi- 
gation to  work  from  the  most  pronounced  cases,  where  the  phe- 
nomena are  usually  more  easily  found  and  less  liable  to  be  masked 
by  other  conditions  which  may  or  may  not  l>e  effective. 

«A.  B.  Griffith  states  in  "A  Treatise  on  Manures."  third  edition,  pape  3, 
that  twenty-eight  years  after  the  publication  of  Sir  Anthony  Fitzherbert's  "  Ye 
Bol^e  of  Husbandrie,"  the  earliest  English  work  (1534)  of  any  Imixjrtauce  on 
agriculture,  Martin  Tusser  published  his  famous  "  Five  Hundred  Points  of  Hus- 
bandrie,"  In  which  he  strongly  recommends  the  rotation  of  crops.     He  says : 

**  Gates,  He  or  else  barlie,  and  wheat  that  is  gray, 
Brings  laud  out  of  comfort,  and  soone  to  decay; 
One  after  another,  no  comfort  betwei»ne 
Is  crop  ui)on  crop,  as  will  quickly  be  seene, 
Still  crop  upon  crop  many  farmers  do  take. 
And  reape  little  profit  for  greedlnesse  sake." 
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Such  marked  conditions  of  the  rapid  decline  of  soil  fertility  are  by 
no  means  uncommon  in  field  experience.  On  certain  recently  re- 
claimed muck  soils  of  northern  Illinois,  Michigan,  and  Wisconsin 
corn  produces  bountiful  yields  the  first  year.  With  two  or  three 
successive  crops  of  corn  without  manurial  treatment  the  yield  de- 
creases until  it  is  no  longer  profitable  to  grow  corn  on  these  soils.  It 
has  indeed  been  found  that  with  abundant  applications  of  stable 
manure  or  certain  potash  salts  this  rapid  deterioration  may  be  pre- 
vented or  the  soils  which  have  lost  their  power  of  producing  profit- 
able crops  can  be  restored.  On  such  virgin  soils  it  is  inconceivable 
that  a  crop  or  two  of  com  can  either  exhaust  the  potash  or  can  so 
change  the  ratio  of  plant  food  as  to  cause  this  notable  decrease  in 
soil  fertility. 

On  the  reclaimed  peat  lands  of  the  Stockton  area,  California, 
potatoes  give  a  yield  of  upward  of  400  bushels  per  acre  for  the  first 
crop.  In  two  or  three  years'  continuous  cultivation  to  potatoes  the 
yield  is  reduced  to  about  40  bushels  per  acre,  although  the  fertility 
as  regards  barley  has  not  been  noticeably  affected.  It  is  a  very  com- 
mon experience  with  flax  growers  throughout  the  world  that  flax  is 
a  very  exhausting  crop  for  the  soil  and  that  satisfactory  crops  can 
not  be  maintained  for  more  than  two  or  three  years  upon  soils  con- 
tinuously cultivated  to  this  crop,  but  that  a  flax-sick  soil  is  not  sensi- 
bly impaired  for  wheat  or  other  crops  than  flax. 

Throughout  the  Eastern  States,  as  well  as  in  many  of  the  countries 
of  northern  Europe,  clover-sick  soils,  are  common  where,  without  any 
apparent  disease  in  the  crop,  clover  refuses  longer  to  grow  under  the 
usual  methods  of  cultivation.  Such  clover-sick  soils  are  not  notice- 
ably injured  for  other  crops  to  which  the  soil  is  adapted,  except 
through  the  absence  of  a  leguminous  crop  in  the  usual  rotation. 

The  deterioration  of  certain  lands  when  continuously  cropped  to 
wheat,  cowpeas,  cotton,  or  to  some  of  the  truck  crops,  without  sys- 
tems of  rotation  or  special  treatment  of  the  soil,  is  so  well  known 
and  so  often  experienced  as  to  make  it  unnecessary  to  cite  specific 
cases. 

Coming  now  to  the  results  of  laboratory  investigations  of  this 
subject,  it  has  been  possible  by  growing  successive  crops  of  wheat 
in  paraffin  wire  baskets  until  wheat  will  no  longer  grow  upon  the 
soil,  or  by  growing  wheat  in  pure  nonnutrient  agar  jelly,  to  show 
that  the  plant  excretes  a  crystalline  organic  body  of  known  compo- 
sition which  was  not  present  in  the  soil  or  in  the  agar  before  the 
wheat  plants  had  grown  in  them.  This  organic  body,  when  added 
to  a  culture  medium,  is  toxic  to  wheat,  but  not  toxic  to  cowpeas. 

From  a  cowpea-sick  soil  produced  by  the  continuous  growth  of 
cowpeas,  under  greenhouse  conditions,  has  been  obtained  a  pure 
crystalline  organic  body,  not  present  in  the  soil  before  cropping, 
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which  is  exceedingly  toxic  to  cowpeas  when  mixed  in  otherwise  good 
culture  medium,  but  is  not  so  toxic  to  wheat. 

After  the  wheat  has  gi'own  on  the  cowpea-sick  soils  and  has  been 
unharmed  or  even  benefited  by  the  previous  cowpea  growth,  cowpeas 
can  be  again  grown,  and  they  in  turn  will  be  found  to  benefit  by  the 
activities  of  the  wheat.  Several  organic  bodies  have  been  isolated 
from  soils,  some  of  them  phosphorus  compounds,  nitrogen  com- 
pounds, sulphur  compounds,  waxy  and  fatty  bodies,  so  that  a  very 
wide  range  of  organic  bodies  likely  to  result  from  metabolic  changes 
and  from  soil  conditions  may  be  expected  from  further  investiga- 
tions of  the  chemistry  of  the  organic  matter  of  the  soil.  Whether 
these  bodies  are  specific  for  each  kind  of  plant  we  do  not  know,  but 
it  seems  probable  that  either  in  the  metabolic  processes  of  the  plant  or 
from  the  changing  conditions  in  the  soil  and  climate  they  offer 
marked  differences  which  will  have  to  be  further  investigated. 

It  is  very  certain  also  that  in  many  soils  these  bodies  do  not 
persist  for  any  great  length  of  time.  They  are  all  likely  to  change 
through  oxidation  and  fermentation  into  intermediate  toxic  or  non- 
toxic bodies,  and  finally,  under  the  very  best  soil  conditions,  into  inert 
black  humus  bodies.  Some  of  these  organic  bodies,  at  least  under 
certain  soil  conditions,  appear  to  be  stable  for  a  great  length  of  time, 
as  we  have  infertile  soils  which  have  not  been  productive  within  the 
memory  of  man.  Some  of  these  organic  bodies  seem  to  be  toxic  to  all 
of  our  cultivated  crops.  Many  of  them  appear  to  be  less  toxic  to 
some  crops  than  to  others  or  even  l)eneficial  to  some  crops. 

With  substances  of  the  first  class,  which  appear  to  be  toxic  to  all 
crops,  it  will  be  necessary  to  remove  or  destroy  them  before  the  pro- 
ductivitv  of  the  soil  can  be  renewed.  With  bodies  of  the  second  class, 
especially  such  as  are  beneficial  to  some  plants,  the  object  should  not 
be  to  destroy  unnecessarily,  but  to  benefit  by  their  presence  by  the 
growing  in  rotation  of  such  crops  as  the  conditions  would  seem  to  be 
adapted  to.  In  the  change  or  destruction  of  these  organic  bodies  the 
first  principle  of  soil  management,  viz,  the  cultivation  of  the  soil  is 
the  most  important,  as,  aiding  in  fermentation,  it  induces  changes 
which  as  a  rule  are  highly  beneficial. 

The  breaking  down  of  these  organic  bodies  through  fermentation 
brought  about  by  cultivation  of  the  soil  is  usually  markedly  hastened 
by  an  application  of  easily  decomposing  material  like  stable  manure 
or  green  manure,  for  in  the  process  of  decay  of  this  very  unstable 
material  the  destruction  of  the  more  stable  forms  of  organic  matter 
in  the  soil  is  facilitated.  Less  efficient,  but  still  very  important  and 
often  more  economical,  agencies  in  the  destruction  of  the  organic 
bodies — of  the  changing  of  tlie  toxic  into  nontoxic  forms — are  found 
in  the  commercial  fertilizers.  Some  of  these  fertilizer  effects  are 
now  fairly  well  understood,  but  a  great  amount  of  research  yet  re- 
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mains  to  be  done  before  this  subject  of  fertilization  will  be  suflSciently 
well  understood  to  make  the  practice  much  more  sure  and  more 
economical  than  it  is  at  present.  It  is  now  known  that,  at  least  under 
certain  conditions  which  have  been  studied,  fertilizers  and  crops 
together  may  do  more  than  either  by  themselves,  and  that  certain 
fertilizers  may  have  their  place  in  the  crop  rotation.  This  accords 
with  experience,  which  has  shown  that  fertilizers  give  better  results 
with  some  crops  than  with  others  in  the  rotation  system. 

It  is  not  presumed  that  the  principles  of  crop  rotation  can  yet  be 
worked  out  in  a  scientific  manner  for  all  crops,  or  under  all  soil 
and  climatic  conditions,  but  enough  has  been  given  in  this  rapid 
sketch  of  some  of  the  principles  of  rotation,  brought  out  in  the  course 
of  our  investigations,  to  show  a  wide  field  of  inquiry.  With  further 
work  along  this  line,  using  methods  now  being  developed,  the  real 
principles  of  crop  rotation  can  probably  be  worked  out. 

FACTS  BEG ABDINO  SOIL  DETEBIOBATION. 

There  are  in  the  United  States  soils  which,  so  far  as  known  and 
within  historic  times,  have  never  been  productive,  although  under 
climatic  conditions  favorable  for  crops.  Besides  some  of  the  very  dry 
coarse  sands  and  gravel  we  have  as  examples  the  Elmwood  loam  of 
Connecticut,  the  Conowingo  loam  of  North  Carolina,  the  Monroe  silt 
loam  of  Louisiana,  and  the  scrub  lands  of  Florida.  Other  soils  are 
noted  for  their  great  and  lasting  fertility.  Examples  of  this  class  are 
the  Dunkirk  soils  of  New  York,  the  Hagerstown  soils  of  Pennsylvania, 
Maryland,  and  the  Valley  of  Virginia,  and  of  the  blue-grass  region  of 
Kentucky,  the  Marshall  soils  of  Iowa,  the  Houston  soils  of  Alabama, 
and  the  Yazoo  soils  of  the  Mississippi  Valley.  Other  soils,  again, 
forming  an  intermediate  class,  originally  very  productive,  have  de- 
teriorated in  yield  until  they  are  now  relatively  unproductive.  Nota- 
ble among  these  are  the  Cecil  soils  of  Virginia,  North  Carolina, 
South  Carolina,  and  Georgia,  some  of  the  Norfolk  soils  of  Mary- 
land and  Virginia,  and  the  Portsmouth  silt  loam  of  North  Carolina. 
It  has  been  the  general  custom  in  some  parts  of  the  country  to  crop 
fields  in  single  crops  until  they  become  so  unproductive  that  they 
are  abandoned  to  forest  growth  and  new  lands  are  taken  up. 

Soils  vary  greatly  in  their  powers  of  endurance.  We  have  deep, 
rich  soils  and  we  have  thin,  poor  lands.  We  have  black  soils  which 
are  nearly  always  more  productive  and  more  lasting  than  white  soils 
and  we  have  the  red  soils  which  are  generally  more  productive  than 
the  yellow  soils. 

Most  soils  deteriorate  through  neglect  and  insufficient  and  injudi- 
cious cultivation.  It  is  a  general  experience  that  soils  deteriorate 
under  tenant  farmers,  who  have  little  interest  in  the  welfare  of  the 
farm  beyond  the  year  of  certain  occupation  and  little  capital  and 
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from  analysis  about  the  same  amount  of  mineral  plant  food  in  both 
solutions.  If  we  now  grow  seedling  wheat  plants  in  these  solutions, 
we  shall  get  a  much  larger  growth  in  the  extract  from  the  fresh  or 
fertile  soil  than  in  the  other.  So  we  have  transmitted  the  properties 
causing  infertility  from  the  soil  to  the  extract.  If,  now,  to  the  extract 
from  the  poor  soil,  we  add  fertilizers,  we  may  find  that  the  plants  will 
grow  as  well  as  in  the  extract  from  the  good  soil.  This  would  look 
on  the  face  of  it  as  if  infertility  were  due  to  a  lack  of  plant  food, 
in  spite  of  the  results  of  the  chemical  analysis.  But  if  we  add 
certain  organic  substances  which  are  easily  oxidized  or  reduced  and 
which  contain  no  mineral  plant  food  at  all,  or  if  we  add  solid  and 
insoluble  absorbing  agents,  like  carbon  black  or  absorbent  cotton,  and 
filter  the  solution  away  from  them,  then  the  plants  will  grow  equally 
as  well  as  in  the  extract  from  the  good  soil  or  as  in  the  extract  from 
the  poor  soil  to  which  fertilizers  have  been  added.  This  proves  that 
it  is  something  present  in  the  extract,  rather  than  the  lack  of  some- 
thing needed  by  the  plants,  that  retarded  growth.  Finally,  in 
a  soil  in  which  wheat  has  recently  grown  we  have  been  able  to 
separate  a  crystalline  organic  substance  which  was  not  present  in  the 
soil  before  the  wheat  was  planted.  This  substance  is  toxic  to  wheat 
plants  and  if  present  in  the  extracts  or  in  the  soil  in  certain  concen- 
tration will  kill  the  plants  and  in  smaller  proportions  will  retard 
their  growth  and  cause  infertility.  We  have  proved  in  this  way,  by 
a  large  amount  of  investigative  work  upon  worn-out  soils  from  all 
parts  of  the  country,  that  infertility  is  often  due  to  the  presence  of 
toxic  organic  bodies  in  the  soil,  either  excreted  by  the  previous  crops 
or  perhaps  formed  by  the  action  of  bacteria,  molds,  or  ferments  from 
the  plant  remains. 

NATURE  AND  PROPERTIES  OF  TOXIC  BODIES. 

These  toxic  bodies  are  organic.  They  may  be  fatty  bodies,  nitroge- 
nous bodies,  or  nonnitrogenous.  They  appear  to  be  quite  unstable  in 
the  soil,  changing  rather  easily  by  oxidation  into  harmless  or  even 
into  beneficial  bodies.  They  are  not  equally  harmful  to  all  plants. 
The  product  from  cowpea  soil,  which  has  been  obtained  in  pure  crys- 
talline form,  while  toxic  to  cowpeas  is  not  so  harmful  to  wheat, 
and  with  wheat  growing  in  the  solution  the  body  appears  to  be  de- 
composed, and  the  solution  or  the  soil  after  the  wheat  is  again  suitable 
for  cowpeas.  This  is  believed  to  be  the  result  of  oxidation,  and  the 
experiment  proves  that  this  may  be  aided  by  plants  themselves  and 
still  more  by  plants  and  fertilizers  together.  Bacteria  also  aid  in  this 
oxidation  or  reduction  of  the  toxic  bodies,  especially  if  only  a  small 
quantity  be  present.  Some  of  the  mineral  salts  of  these  toxic  bodies 
are  quite  harmless,  and  fertilizers  may  aid  by  going  into  combination 
with  these  organic  bodies. 
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POSSIBLE  MEANS  OF  AMELIORATION. 

Knowing  the  nature  of  the  trouble,  the  source  in  some  cases  at  least, 
and  the  properties  of  the  toxic  substances,  we  are  prepared  intelli- 
gently to  provide  means  for  the  amelioration  of  the  soil  conditions.. 
We  know  that  these  toxic  bodies  are  more  apt  to  form  and  accumulate 
or  less  likely  to  change  where  aeration  is  deficient,  as  in  an  overwet 
soil ;  so  when  such  conditions  prevail  we  must  provide  better  aeration 
by  thorough  underdrainage.  We  know  that  the  proper  fermentation 
of  organic  matters  does  not  proceed  well. with  too  much  aeration; 
hence  the  need  for  compacting  a  very  loose  soil. 

Cultivation  of  itself,  and  especially  if  accompanied  by  a  light  dress- 
ing of  decomposed  organic  manure,  tends  to  hasten  oxidation.  But 
deep  cultivation  must  not  be  too  frequent. 

In  improving  a  loam  soil  which  is  raw  and  unproductive,  put  on  a 
light  top  dressing  of  well-rotted  manure  and  turn  it  under  about  3  or 
4  inches  deep.  Let  this  stand  four  weeks  to  ferment,  then  turn  it  over 
about  2  inches  deeper;  then  plant  a  crop — rye  or  cowpeas  if  the  soil 
is  very  poor.  AVith  such  treatment  the  soil  will  gradually  darken 
throughout,  although  it  may  take  two  or  three  years  to  bring  it  up  to 
a  fair  state  of  fertility.  The  change  in  condition  will  be  evident  to 
the  eye.  Each  type  of  soil  will,  however,  require  somewhat  different 
treatment,  and  the  method  of  cultivation  adapted  to  one  soil  will  not 
perhaps  be  suited  to  another.  Judgment  and  experience  is  required 
in  the  cultivation  of  an  infertile  soil  with  a  view  to  improving  it,  even 
more  than  in  maintaining  the  fertility  of  a  productive  soil. 

The  improvement  of  an  infertile  soil  or  the  changing  of  a  raw  sub- 
soil into  a  true  soil  involves  a  fermentation  of  organic  matter  to 
produce  other  and  more  stable  compounds,  just  as  in  the  fermenta- 
tion of  tobacco  to  produce  quality  in  the  leaf,  the  fermentation  of 
malt,  the  ripening  of  chee.se  and  of  fruits,  and  the  "  raising "  of 
bread.  Cigar  tobacco  will  not  develop  aroma  by  hanging  in  a  bam  in 
contact  with  air.  It  must  be  put  into  a  bulk,  built  neither  too  com- 
pactly nor  too  loosely,  and  the  amount  of  moisture,  temperature,  and 
aeration  must  be  carefully  regulated,  with  respect  to  the  peculiar 
character  of  the  leaf  and  the  purposes  for  which  it  is  intended,  to  get 
the  best  results.  So  in  the  proj^er  fermentation  of  the  organic  matter 
of  the  soils  we  must  study  more  the  laws  and  conditions  of  fermenta- 
tion, and  we  must  realize  that  this  is  greatly  aided  by  enzymes  and 
plant  life  itself,  either  by  the  lower  bacterial  forms  or  by  the  higher 
forms — the  crops  and  even  the  weeds  and  other  native  vegetation. 
Cultivation  thus  appears  a  great  subject  for  investigation,  which,  as 
our  methods  of  soil  investigation  are  becoming  more  perfect,  can 
probably  soon  be  taken  up  and  worked  out 
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After  cultivation  the  most  important  thing  is  the  selection  of  the 
proper  crop,  even  of  the  proper  variety  of  any  particular  crop  and  the 
proper  rotation  of  the  selected  varieties.  This  will  undoubtedly  aid 
in  improving  a  soil,  for  reasons  which  we  have  seen,  and  more  often 
still  it  will  prevent  soil  deterioration.  Xo  exact  or  thoroughly- 
satisfactory  system  of  crop  rotation  has  yet  been  worked  out  for  any 
particular  soil,  and  it  is  time  the  subject  was  taken  up  and  studied 
by  thoroughly  trained  scientific  investigators. 

After  cultivation  and  rotation  we  have  fertilization  as  an  im- 
portant and  powerful  factor,  if  properly  used,  in  soil  improvement, 
commercial  fertilizers,  stable  manure,  and  green  manures  each  having 
an  important  place  in  the  general  scheme.  The  proper  crop  rotation 
and  the  fertilizer  treatment  for  a  soil  can  probably  be  best  worked  out 
empirically  by  the  paraffin  wire-pot  method,  supplemented  by  field 
trials. 

We  have,  then,  proper  drainage,  cultivation,  aeration,  rotation,  and 
fertilization,  all  acting  to  the  same  end,  namely,  the  maintenance  of 
sanitary  conditions  in  the  soil  to  increase  the  productive  capacity  of 
worn-out  lands. 

PEBMANENCY  OF  SOIL  FEBTILITY  AS  A  NATIONAL  ASSET. 

The  soil  is  the  one  indestructible,  immutable  asset  that  the  Nation 
possesses.  It  is  the  one  resource  that  can  not  l>e  exhausted;  tha^^ 
can  not  be  used  up.  The  general  conception  of  the  exhaustion  of 
soils  is  that  the  crop  removes  plant  food,  and  that  unless  we  return 
some  considerable  portion  of  plant  food  to  the  soil  it  eventually 
becomes  incapable  of  longer  producing  adequate  crops.  To  quote 
from  a  recent  article  in  one  of  the  agricultural  journals: 

We  have  warned  our  readers  for  the  last  ten  years  of  what  is  coming  if 
they  continue  to  grow  grain  crops  and  sell  tliem  off  the  fann  continuously  from 
year  to  year.  *  ♦  ♦  Don't  imagine  for  one  minute  tliat  your  soils  are  of 
inexhaustible  fertility.  No  such  soils  were  ever  made  in  the  Western  Hemi- 
sphere, except,  i^erhaps.  such  as  are  enriched  by  overflow  every  three  or  four 
years. 

The  impression  prevails  that  our  crops  take  out  phosphoric  acid, 
potash,  and  nitrates  to  such  an  extent  that  the  soil  becomes  incapable 
of  longer  supplying  these  plant-food  constituents  for  a  satisfactory 
yield.  Several  articles  have  been  written  recently,  calling  attention 
to  the  calamity  which  is  likely  to  confront  us  in  a  few  years  because 
of  the  exhaustion  of  one  or  more  of  the  elements  of  plant  food  if  the 
present  practices  are  continued. 

Sir  William  Crookes,  president  of  the  British  Association  for  the 
Advancement  of  Science,  takes  a  ver}'^  gloomy  view  of  our  ability  to 
continue  any  longer  to  obtain  from  natural  sources  sufficient  nitrates 
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to  replenish  the  diminishing  supply  of  nitrates  in  our  soils.  More 
recently,  even,  the  question  of  the  exhaustion  of  phosphates  from  the 
soils  of  southern  Illinois  has  been  considered,  and  we  are  told  that 
the  supply  is  only  sufficient  for  about  seventy  crops  such  as  are  now 
being  harvested.  Gloomy  indeed  are  some  of  the  predictions  that  are 
being  made  in  regard  to  the  probable  failure  of  the  soil  to  support 
the  increasing  population  of  the  earth.  In  an  article  on  the  "  Effect 
of  Milk  Selling  on  the  Soil,"  in  the  Agricultural  Gazette,  November 
7,  1904,  Mr.  John  Wrightson,  in  reference  to  a  previous  article  in 
the  same  journal,  says: 

In  the  transactions  of  the  Highland  Agricultural  Society  he  will  find  papers 
upon  the  serious  injury  to  the  highland  sheep  walks  due  to  the  constant  drain 
upon  them  of  phosphates  through  the  continuous  sale  of  lambs.  The  fact  is 
that  both  in  the  highlands  of  Scotland  and  in  the  XTnited  States  of  America 
the  stock  lands  have  been  in  many  cases  mined,  or  are  in  process  of  being 
ruined,  simply  by  the  annual  depletion  of  pliosphates.  These  cases  are  parallel 
with  the  sale  of  milk,  as  bone  earth  (phosphate  of  lime)  is  an  imiK)rtant  con- 
stituent of  the  milk. 

In  the  same  publication,  November  14,  1904:,  Primrose  McConnell 
replies  to  Mr.  Wrightson  in  the  following  language : 

It  is  rather  strange  at  this  time  of  day,  after  all  that  has  been  said  and 
written  on  the  subject,  to  find  anyone  harking  back  to  the  old  fallacy  that  the 
keeping  of  milch  cows  imimverishes  the  land.  In  Cheshire  dairying  has  been 
carried  on  for  seven  centuries,  yet  a  small  dressing  of  bones  renovated  the 
pastures  within  our  times.  In  my  native  county  of  Ayr  dairying  lias  been 
carried  on  for  two  and  a  half  centuries,  yet  I  have  never  heard  of  any  impover- 
ishment, but  the  contrary,  and  I  affirm  that  if  any  alleged  case  of  impoverish- 
ment is  inquired  into  it  will  be  found  to  be  either  mythical  or  due  to  exceiv 
tionally  bad  management.  In  my  own  case,  where  twenty  years  ago  it  took 
2^  acres  to  grasse  a  cow  during  the  summer,  those  same  fields  now  require  1^ 
acres  to  do  the  same,  and  on  one  occasion  1  acre  iier  head  was  sufficient — 
their  droppings  have  so  enriched  the  land. 

To  show  why  the  Bureau  of  Soils  believes  the  direful  predictions 
of  the  exhaustion  of  soils  are  unfounded,  and  why  we  have  come 
to  believe  that  the  soil  is  indestructible  and  in  the  main  unchange- 
able, except  through  our  gross  neglect,  it  will  be  well  to  discuss  some 
of  the  supposed  cases  of  soil  exhaustion  in  this  country. 

SOME   SUPPOSED   CASES   OF   SOIL   EXHAUSTION. 

The  Division  of  Soils,  now  the  Bureau  of  Soils,  was  organized 
about  twelve  years  ago  for  the  study  of  the  soil  resources  and  the  soil 
conditions  of  the  United  States.  One  of  the  important  works  under- 
taken bv  the  bureau  was  the  soil  survev,  and  this  has  been  continued 
now  for  about  eight  years,  during  which  time  over  147,000  square 
miles  have  been  mapped  in  representative  districts  throughout  the 
country.    It  was  from  the  first  realized  that  in  surveying  and  map- 
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ping  the  soils  it  would  become  necessary  to  study  for  our  farmers 
some  of  the  great  soil  problems  encountered  in  the  areas,  especiaUy 
such  as  concerned  the  management  of  the  soil  and  the  production  of 
larger  crops  on  certain  soils. 

There  has  been  an  impression  for  years  that  our  virgin  prairie 
soils  are  becoming  exliausted.  There  is  an  impression  in  other  sec- 
tions of  the  country  that  the  continued  use  of  fertilizers  has  injured 
the  land.  We  have  seen  in  the  last  few  years  rural  sections  of  the 
country  almost  depopulated  and  a  disquieting  increase  of  abandoned 
farms.  Involved  in  these  beliefs  and  changes  appeared  to  be  prob- 
lems of  great  National  importance. 

Some  years  ago,  through  an  arrangement  with  the  Virginia  Board 
of  Agriculture,  the  Bureau  of  Soils  made  quite  an  extensive  investiga- 
tion of  the  soils  of  Virginia.  Attention  was  called  at  that  time  to  the 
poor  soil  condition  in  certain  sections  of  the  State,  particularly  in 
middle  Virginia,  where  it  appeared  that  the  soils  once  fertile  had 
worn  out ;  that  they  had  become  exhausted.  There  was  at  least  truth 
in  the  claim  that  agriculture  had  declined.  Later,  when  we  were  pre- 
paring to  take  up  some  important  problems  in  soil  fertility,  middle 
Virginia  suggested  itself  as  a  locality  where  the  Bureau  might  do 
some  effective  work  on  soils  which  by  general  consent  had  reached 
about  the  lowest  possible  stage  of  crop  production  through  an  actual 
exhaustion  of  plant  food.  In  a  report  covering  this  area  it  was  sub- 
sequently shown  that  conditions  have  markedly  improved;  that  the 
crop  yields  on  most  of  the  soils  are  now  fairly  satisfactory,  and  that 
good  methods  of  cultivation  and  attention  to  crop  rotation,  together 
with  the  introduction  of  more  live  stock  and  the  utilization  of  the  ma- 
nure produced,  will  unquestionably  in  a  short  time  bring  this  area  up 
to  a  really  satisfactory  condition.  There  appears,  therefore,  to  be  no 
problem  presented  here  of  an  actual  exhaustion  of  the  mineral  plant 
food  of  the  soil,  as  a  mere  change  of  cultural  methods  has  been  suffi- 
cient to  increase  the  general  productivitj^  of  the  soil  of  the  area  in 
from  eight  to  ten  years. 

In  1901  a  soil  survey  was  made  of  Prince  George  County,  Md., 
and  the  general  impression  at  that  time  was  that  these  soils  had  be- 
come so  far  exhausted  that  the  yields  were  unsatisfactory.  This  was 
another  area  considered  as  a  suitable  locality  for  investigating  the 
actual  exhaustion  of  plant  food  from  a  soil.  The  opinion  of  the 
Bureau,  however,  has  been  that  these  soils  were  not  exhausted  of 
their  plant  food,  but  were  still  capable  of  producing  satisfactory 
crops  with  improved  methods  and  with  proper  crop  rotations,  and 
this  proved  to  be  the  case,  for  it  was  found  that  within  a  period  of 
less  than  five  years  the  methods  had  already  been  improved,  and  that 
the  crop  yields  were  much  better  than  formerly.    There  is  thus  every 


PERMANENCY  OF  SOIL  FERTILITY.  69 

reason  to  believe  that  with  better  methods  of  cultivation,  more  atten- 
tion to  crop  rotation,  and  the  introduction  of  live  stock  the  problem 
of  the  fertility  of  these  soils  will  be  satisfactorily  worked  out.  This 
would  indicate  that  the  unproductiveness  of  lands  in  the  condition 
presented  in  1901,  when  the  survey  was  made,  is  not  due  to  an  actual 
exhaustion  of  plant  food,  but  to  some  other  cause  or  causes  which 
deserve  consideration. 

For  three  years,  under  orders  from  the  Secretary,  the  Bureau  of 
Soils  had  one  of  its  men  detailed  as  an  instructor  in  soils  at  Cor- 
nell University.  We  had  heard  a  good  deal  of  the  abandoned 
farms  in  portions  of  Tompkins  County,  N.  Y.,  in  which  Ithaca  is 
located.  Upon  looking  into  this  matter  we  could  find  no  evidence 
that  the  crop  yields  were  less  now  than  they  were  years  ago.  There 
were  abandoned  farms,  but  this  was  due  to  other  conditions  than  the 
exhaustion  of  the  soil. 

Another  problem  presented  itself  in  the  abandoned  farms  of  New 
England.  So  a  soil  survey  party  was  sent  into  Merrimack  County, 
N.  H.,  where  many  farms  were  reported  as  being  abandoned,  the 
country  generally  having  gone  backward  as  an  agricultural  com- 
munity, and  where  the  question  of  reforesting  was  being  agitated. 
These  men  reported  the  soils  in  good  condition,  the  yields  good,  and 
no  evidence  could  be  found  in  that  particular  region  of  any  general 
deterioration  so  far  as  the  soil  is  concerned. 

About  six  years  ago  the  Industrial  Commission  held  hearings  in 
regard  to  the  causes  leading  up  to  the  abandonment  of  farms.  This 
subject  was  treated  rather  exhaustively,  and  a  report  (No.  70,  of  the 
Department  of  Agriculture)  was  published  giving  the  testimony. 
As  this  report  is  available,  the  principal  contributing  causes  only 
will  be  given  here.  These  are  the  development  of  new  areas  and 
new  industries;  the  introduction  of  farm  machinery  incapable  of  be- 
ing used  in  certain  districts;  attempts  to  grow  crops  unsuited  to  par- 
ticular soils;  unfavorable  climatic  conditions;  scarcity  of  water  in 
desert  country;  alkali  and  seepage  water;  flooding  and  inundations 
by  storms  and  tides;  labor  and  expense  of  maintaining  proper 
physical  conditions;  transportation  conditions;  social  conditions;  de- 
terioration of  farms  through  improper  methods  of  cultivation;  in- 
judicious crop  rotation. 

It  appears,  therefore,  that  this  great  problem  which  has  presented 
itself  in  different  parts  of  our  country — the  abandonment  of  farms — 
is  due  not  to  the  exhaustion  of  the  soil,  but  to  other  conditions — 
mainly  social  and  labor  conditions. 

In  1906  the  bureau  had  a  soil-survey  party  in  Blue  Earth  County, 
Minn.,  in  one  of  the  wheat  areas  of  that  State,  and  the  men  reported 
that  it  was  generally  believed  that,  owing  to  the  exhaustion  of  the 
soils,  the  yields  of  wheat  had  decreased  from  30  to  40  bushels  per 
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acre  fifteen  years  ago  to  12  bushels  per  acre  now.  The  belief  that 
the  prairie  soils  of  the  West  have  deteriorated  is  very  widespread, 
not  only  in  this  country,  but  also  abroad.  There  is  constant  refer- 
ence to  this  fact  in  the  agricultural  literature  and  in  the  scientific 
journals  of  this  country  and  of  Europe.  The  Bureau  had  the  rec- 
ords examined  to  see  if  undoubted  statistical  evidence  that  the  soils 
had  deteriorated  could  be  found,  using  the  crop  as  a  measure  of  the 
soil  fertility.  It  was  found  that  the  available  statistics — ^running 
back  to  the  year  1874  and  up  to  1898,  a  period  of  twenty-five  years — 
for  four  typical  wheat  counties  in  Minnesota,  three  of  them  in  the 
Red  River  Valley,  and  also  for  the  State  at  large,  showed  no  evidence 
of  a  decline  in  yield,  but  on  the  contrary  only  that  fluctuation  due  to 
seasonal  differences.  The  yearly  records  fail  to  show  the  large 
yields  in  the  past  that  we  are  accustomed  to  attribute  to  those  soils. 
The  yields  for  Blue  Earth  County  itself,  as  well  as  for  the  three  typi- 
cal wheat  counties  of  the  Red  River  Valley  and  for  the  State  at  large, 
are  shown  in  the  following  table : 


Yield  per  acre  of  tcheat  in  the  State  and  several  counties  of  Minnesota, 


m 

Year. 

Kitaon 
County. 

Polk 
County. 

Clay 
County. 

Bine 

Earth 

County. 

Ayera^e 

for 

State. 

1874 

BusheU. 

Bushel*. 

8.87 

17.26 

11.75 

26.19 

Bushds. 

Bushels. 
12.83 
13.61 
18.87 
16.35 

Bushels. 
14.23 

1875 

14.69 

6.49 

16.86 

17  06 

1876 

9.61 

1877 

16.79 

1878 

12.50 

1879 

22.92 
19.10 
18.79 
21.78 
15.18 
21.21 
14.80 
13.80 
25.70 

16.88 
16.40 
17.66 
15. 11 
14.22 
16.18 
13.40 
15. 10 
18.30 
10.00 

16.13 
16.87 
17.18 
16.03 
15.09 
13.87 
9.20 
22. 10 
12.40 
12.00 

8.14 
13.43 

6.74 
14.00 
18.53 
17.31 
16.90 
17.20 
18.40 

1L90 

1880 

18.80 

1881 

11.42 

1882 

18.81 

1883 

14.87 

1884 

16.35 

1885 

13. 55 

1886 

15.80 

1887 

1888 

1889 

26.90 
13.30 
17.40 
12.30 
12.00 
12.90 
19.40 

16.30 

1890 

•■•••••••• 

13.60 

13.70 

13.00 

1891 

18.10 

1892 

3.20 
15.00 
19.80 
27.00 

7.70 
14.33 
15.48 

10.80 
9.40 
10.50 
19.90 
13.20 
11.02 
11.24 

11.80 

1893 

10.70 

1894 

11.70 
20. 10 
12.00 
12.00 
12.00 

13.00 

1895 

18.53 

1896 : 

12,80 

1897 

1898 

17.20 


9.U 

So  far  as  our  researclies  have  gone,  and  so  far  as  we  can  rely  upon 
statistics  of  this  kind — and  we  have  not  gone  beyond  the  simple 
returns  that  have  been  published — it  seems  to  us  that  the  general 
impression  of  the  deterioration  of  soils,  the  general  idea  that  has 
been  held  about  soil  exhaustion  due  to  an  actual  exhaustion  of 
available  plant  food,  is  erroneous.®    It  will  be  shown  later  that  the 

<*This  subject  Is  being  treated  much  more  exhaustively  for  the  National 
Conservation  Commission,  and  this  conclusion  is  being  confirmed  and  strength- 
ened. 
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soil  can  be  abused ;  that  there  is  no  question  that  the  yield  will  dete- 
riorate with  improper  methods  of  cultivation  and  with  improper 

• 

systems  of  crop  rotation,  but  in  a  large  area,  such  as  a  county  or  a 
State,  there  are  other  factors  of  changing  owners  and  different  • 
usages  which  may  influence  the  final  I'esults  and  make  the  actual 
statistics  more  uniform  than  we  would  expect  from  the  records  of  a 
few  individual  farms.  When  the  land  l)ecomes  unproductive  it  is 
thrown  out  of  cultivation,  and  when  it  is  taken  up  again  for  cultiva- 
tion it  is  found  to  be  improved. 

It  is  hardly  necessary  for  me  to  refer  to  the  fact  that  we  have 
erroneous  impressions  in  regard  to  events  that  have  taken  place  in 
the  past.  In  a  recent  number  of  the  Monthly  Weather  Review* 
there  is  a  very  able  article  entitled  "  Present  Day  Climates  in  their 
Time  Relation,"  by  Prof.  Frank  Morris  Ball,  of  the  Department  of 
Geology,  University  of  Minnesota,  in  which  he  says : 

It  Is  often  asserted  by  people  who  have  lived  in  n  locality  for  many  years 
that  the  climate  of  their  region  has  undergone  marked  changes  during  their 
residence,  the  most  common  statements  being  that  cold  weather  came  earlier 
in  the  fall;  that  greater  snowfall  was  experienced;  that  the  thermometer  reg- 
istered more  continuously  low  temiierature  in  years  past  tlian  at  present,  and 
that  the  rainfall  is  increasing  or  decreasing  in  amount  In  the  light  of  modem 
science  such  statements  are  open  to  serious  question.  The  himian  organism  is 
at  best  an  inaccurate  register  of  temperature,  and  memory  is  more  liable  to  be 
impressed  with  some  single  manifestation  of  weather  than  with  the  average 
of  weather  conditions  which  go  to  make  up  climate.  A  vivid  impression  of  a 
day  on  which  the  thermometer  registered  40°  below  zero  is  quite  likely  to 
remain  in  the  mind  for  a  long  time,  but  the  week  of  moderately  cold  weather 
which  followed  the  cold  snap  and  which,  when  averaged  with  the  lowest  tem- 
perature noted,  made  only  average  winter  weather,  is  quite  likely  to  be  unno- 
ticed, or,  if  noted  at  all,  soon  forgotten.  ♦  ♦  ♦  If  we  stop  a  moment  to  reflect 
that  the  factors  of  climate  are  under  the  direct  control  of  natural  laws,  no 
surprise  will  be  occasioned  because  of  the  i)ermanency  of  climatic  averages. 
That  seemingly  most  willful  and  lawless  of  all  elements,  the  wind,  is  no  less 
under  the  direct  control  of  law,  and  responds  to  it  with  no  less  unhesitating  obe- 
dience than  does  the  earth  to  the  law  of  gravity  in  its  yearly  swing  around 
the  sun. 

The  last  paragraph  of  this  article  is  particularly  important : 

No  l)etter  proof  of  the  relative  nature  of  all  human  knowledge  and  the  tem- 
porary character  of  all  human  conclusions  can  be  found  than  in  the  above  para- 
graph. The  most  elementary  knowledge  of  geology  and  related  earth  sciences 
is  sufficient  to  prove  that  climates  have  changed  many  times  in  the  geologic 
ages  through  which  the  earth  has  passed.  All  theories  accounting  for  such 
changes  lead  irresistibly  to  the  conclusion  that  climates  to-day  must  be  chang- 
ing, although  not  in  any  measurable  amount. 

There  is  no  question  that  our  soils  are  changing,  but  to  the  finite 
extent  of  human  knowledge  it  is  very  much  to  be  doubted  whether  , 
there  have  been  any  measurable  fundamental  chemical  changes  in  the 
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mineral  soil  material  of  the  lands  that  we  actually  cultivate,  save 
such  as  are  brought  about  by  erosion  by  wind  or  water. 

THE   TRUE    NATURE   OF   THE    SOIL. 

It  has  been  taught  that  the  soil  results  from  the  disintegration  and 
decomposition  of  the  minerals  contained  in  the  original  rocks,  and 
strong  emphasis  has  been  placed  upon  the  decomposition  of  these 
minerals  in  the  formation  of  soils.  On  the  contrary,  as  has  been 
shown  in  the  fii-st  part  of  this  bulletin,  the  soil  is  essentially  an 
aggregation  of  mineral  particles  coming  from  the  disintegration  of 
rocks,  and  to  some  extent  fn)m  the  decomposition  of  the  original 
minerals  themselves,  but  one  will  find  in  all  soils  a  large  number  of 
minerals  which  can  be  recognized  as  having  been  present  in  the 
original  rocks.  The  older  agricultural  soils  of  Europe  and  of  Asia 
contain  the  same  common  rock- forming  minerals  as  the  newer  soils  of 
the  United  States,  and  the  chemical  composition  as  determined  by 
analysis  of  the  mineral  portion  shows  no  essential  differences.  The 
fact  that  the  lands  of  Europe  have  been  occupied  for  one  thousand 
years  or  more  has  not  made  a  noticeable  reduction  of  the  plant  food 
element  as  compared  with  the  new  soil  of  this  country. 

RELATION    OF   THE   SOIL   TO    PLANT   NUTRITION. 

The  old  idea  of  soil  fertility  was  that  plants  could  not  avail  them- 
selves of  the  potash  or  phosphoric  acid  until  the  rock  particles,  the 
minerals,  were  decomposed  and  their  constituents  made  available  to 
the  plants.  It  is,  however,  merely  a  question  of  the  solubility  of  the 
mineral  particles  themselves.  One  can  take  the  minerals  obtained 
from  the  soil,  or  minerals  from  museum  collections,  and  by  grinding 
them  up  and  adding  water  and  a  little  nitrate  can  get  a  soil  solution 
which  is  comparable  with  the  soil  solutions  of  our  fields,  and  can 
grow  as  good  plants  in  the  extract  from  the  cabinet  specimens  so 
prepared  as  in  the  extract  of  the  soils  itself.  The  plants  can  avail 
themselves  of  the  potash,  phosphoric  acid,  and  lime  which  are  dis- 
solved directly  from  these  mineral  particles.  Not  only  so,  but  if  we 
take  these  minerals  and  wash  them  by  repeated  leachings,  we  will  con- 
tinuously get  quantities  of  potash,  phosphoric  acid,  and  lime  dis- 
solved in  the  water.  After  leaching  repeatedly  and  frequently  during 
the  day,  if  we  leave  the  particles  in  contact  with  a  fresh  portion  of 
water  overnight,  in  the  morning  the  concentration  of  the  solution 
will  be  about  the  same  as  it  was  the  morning  before,  so  immediate 
and  rapid  is  the  recovery  and  so  adequate  and  ready  is  the  supply  of 
these  mineral  nutrients. 

We  have  in  our  soil  moisture  a  solution  which  carries  sufficient 
mineral  nutrients  for  the  support  of  the  plants.  It  is  capable  of 
maintaining  its  concentration  by  re-solution  from  the  minerals  to 
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supply  any  portion  of  these  plant  food  constituents  that  may  be  with- 
drawn. Under  ordinary  conditions  of  drainage  and  of  rainfall  the 
concentration  can  not  get  too  large,  nor  can  it  for  any  considerable 
period  get  too  small  for  the  need  of  plants.  In  other  words,  we  have 
in  the  soil  a  most  efficient  system  for  supplying  the  nutrient  food  for 
plants. 

This,  therefore,  is  the  nature  of  the  soil  and  of  the  soil  moisture. 
It  is  a  great  nutrient  medium  for  the  support  of  plants,  spread  out 
over  the  surface  of  the  earthy  and  as  all  soils,  with  but  possibly  few 
and  unimportant  exceptions,  are  made  up  of  a  great  number  of 
minerals,  it  follows  that  the  concentration  and  the  composition  of 
the  soil  moisture  in  our  different  types  of  soil  varies  but  little.  One 
might  expect  to  find  that  in  such  extreme  cases  as  the  heavy  clay 
soils  of  the  limestone  Valley  of  Virginia,  the  black  prairie  soil  of 
Texas,  or  the  Norfolk  sand  of  the  Coastal  Plains  there  would  be 
marked  differencej*  in  the  composition  of  the  soil  moisture,  but  our 
investigations  show  that  the  moisture  has  about  the  same  composition 
in  each  of  these  widely  different  types  of  soils,  or  at  least  such  differ- 
ences as  do  occur  are  not  sufficient  to  explain  the  observed  differences 
of  crop  adaption  and  yield. 

HISTORICAL   EVIDENCE   THAT   SOILS   DO   NOT   WEAR  OUT. 

Attention  will  now  be  called  to  some  very  striking  historical  and 
statistical  data  that  seem  to  prove  that  soils  do  not  wear  out,  and 
inferentially  that  they  will  not  wear  out  in  finite  time. 

It  has  long  been  a  mystery  how  soils  have  continued  to  support 
crops  for  a  thousand  years  and  more,  and  the  mystery  becomes  deeper 
when  we  realize  that  in  the  oldest  cultivated  countries  there  is  no 
sensible  diminution  of  plant  food.  We  have  the  general  history  of 
China  that  goes  back  probably  for  four  -thousand  years.  There  are 
many  sections  of  that  country  that  have  undoubtedly  supported  a 
population  for  at  least  as  long  a  time  as  that.  It  is  said  that  they  are 
very  careful  to  return  the  excrement  both  from  man  and  animals  to 
the  soil,  but  there  must  be  some  loss,  some  waste,  and  in  four  thousand 
years  this  would  amount  to  considerable.  But  there  are  no  signs  of 
deterioration  of  these  soils.  There  is  no  evidence  that  these  soils  are 
going  back,  and  the  fact  that  they  have  been  careful  in  their  cultiva- 
tion only  goes  to  show  what  we  could  do  with  our  soils  if  we  exercised 
reasonable  care. 

Coming  down  to  more  recent  times,  of  which  we  have  actual  sta- 
tistical records,  it  can  be  shown  that  so  far  as  statistics  can  be  relied 
on,  without  going  back  of  the  returns,  without  finding  out  how  these 
statistics  were  taken,  and  just  what  value  they  have,  the  soils  of  the 
world,  or  at  least  of  the  European  countries,  are  not  wearing  out, 
but  that  they  are  actually  improving. 
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Prof.  Wilhelm  Kellerman  °  in  an  article  on  the  "  Increase  of  Crcj> 
Production  in  (lermany,''  published  in  one  of  the  (jerman  scientific 
journals,  has  been  fortunate  enough  to  get  the  actual  yields  of  some 
of  the  old  German  estates  which  have  been  handed  down  in  the  same 
families  for  a  long  period  of  years.  The  figures  from  three  of  these 
estates  have  been  taken  as  illustrations  that  the  yield  in  these  older 
countries  is  not  decreasing,  that  the  lands  are  not  becoming  exhausted, 
but  that,  on  the  contrary,  there  has  been  a  material  increase  in  the 
production  per  acre.  A  record  from  one  estate  goes  back  to  1552. 
The  period  from  1552  to  1557,  apparently  the  average  for  those 
years,  gives  a  yield  of  wheat  of  12.5  bushels  per  acre.  In  1670  there 
is  a  record  of  14.6  bushels,  in  1822  of  18.7  bushels,  in  1825  of  18.1 
bushels,  in  1840  of  25.6  bushels,  in  1S50  of  28.7  bushels,  in  1880  of 
35.3  bushels,  in  1897  of  45.1  bushels,  an  increase  in  those  three  hun- 
dred years  from  12.5  bushels  in  1552  to  45.1  bushels  in  1897,  the  record 
showing  a  regular  increase,  with  a  few  fluctuatioys  which  are  prob- 
ablv  due  to  seasonal  conditions. 

Yield  of  cereals  in  Schmatzfeld,  Oermany. 


Year. 

Wheat. 

Rye. 

Barley. 

Oats. 

Year. 

Wheat. 

Rye. 

Barley. 

Oats. 

1552-1657...... 

Bushds. 
12.5 

Bushels. 
13.2 
12.8 
17.2 

Bushels. 
14.2 
8.3 
16.1 

Bushels. 
14,8 
12.3 
17.4 

18.10 

Bushels. 
25,6 
28.7 
35.3 
27.6 
37.9 
40.0 
46.1 

Bushels. 
30.0 
33.1 
89.3 
20.4 
28.9 
29.6 
3^1.0 

Bushels. 
31.6 
39.3 
32.9 
46.8 
43.2 
47.6 
50.4 

Bushels. 
46.5 

1660 

1H60 

50.1 

lOTO 

14.6 

I860 

62.9 

1810 

1870 

1886 

46.6 

1820 

66.6 

1822 

1825 

1830 

18.7 
18.1 
18.7 

24.3 
20.0 
21.2 

33.7 
28.1 
35.6 

26.2 
32.5 
46.2 

1887-1896.... 
1  1897-1904.... 

50.7 
69.1 

From  another  estate  records  apparently  even  more  complete  are 
given  in  five  and  ten  year  periods  from  1756  to  1904.  The  average 
yield  of  wheat  in  the  first  period  reported  (1756-1765)  is  26  bushels; 
in  the  next  period  (1766-1775)  it  is  13  bushels;  and  from  there  on  a 
gradual  increase  took  place  up  to  1900-1904,  when  it  was  36  bushels. 
Rye  increased  similarly  by  regular  steps  from  15.91  bushels  to  32.52 
bushels;  barley  from  14.25  bushels  to  43.23  bushels;  oats  from  23.03 
bushels  to  57.80  bushels.  The  details  are  given  in  the  accompanying 
table. 

Yields  of  cereals  on  Rittergut  Trebsen,  near  Leipzig. 


Year. 

Wheat. 

Rye. 

Barley. 

Oats. 

Bushels. 

Bushels. 

Bushels. 

Bushels. 

1756-1765 

26.41 

15. 91 

14.25 

23.03 

1766-1776 

18.25 

12.33 

21.71 

23.48 

1776-1786 

16.63 

14.47 

20.44 

25^.45 

1786-1795 

13.98 

13.67 

16.77 

19.16 

1796-1800 

13.89 

15.36 

15.16 

17.90 

1814-1816 

15.28 

15.68 

25.41 

25.72 

1820-1822 

16.90 

19.14 

18.28 

26.36  . 

'a 

Year. 


1825-1834. 

18:i5-lH44. 
1845-1849. 
1883-1892. 
189^-1894. 
1895-1899. 
1900-1904. 


Wheat. 


I 


Bushels. 
21.04 
33.40 
25.51 
27.08 
29.85 
35.85 
36.14 


Rye 


Bushds. 
21.63 
27.92 
28.75 
23.06 
28.86 
80.45 
32.52 


Barley. 


BushHs. 
30.19 
86.66 


80.95 
30.95 
85.39 
43.28 


Oats. 


BuMhds. 
31.88 
46.54 
66.26 
44.64 
64.74 
51.15 
67.80 


»Landw.  Jahrb.,  35,  p.  2S9  (1906). 
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From  a  third  estate  records  are  available  in  ten-year  averages  from 
1800  to  1894,  and  wheat  has  shown  a  continual  increase  from  21.15 
to  35.70  bushels ;  rye  from  14.64  to  29.52  bushels ;  barley  from  19.8  to 
41.06  bushels ;  oats  from  17.22  to  43.96  bushels.  The  details  are  given 
in  the  accompanying  table. 


Yield  a  of  cereal  h  on  a  Oertnan  estate. 


Y6tf. 

Wheat. 

Rye. 
Bushels. 

Barley. 
Bushels. 

OatH. 

1 
BuitheUt. 

Year. 

Wheat. 
Bwheis. 

Rye. 

Barley. 

Oate. 

Bushels. 

Bushds. 

Bushels. 

Buahds. 

1800-1810 

21.15 

14.64 

19.80 

17.22 

1860-1886 

29.77 

30.48 

37.86 

44.62 

1810-1820 

20.02 

11.76 

20.92 

13.44 

1865-1870 

27.45 

26.48 

86.17 

65.72 

1820-1880 

23.25 

17.76 

21.29 

14.81 

1870-1875 

29.92 

28.32 

85.71 

51.88 

1330-1840 

18.82 

15.04 

16.37 

13.86 

1875-1880.... 

28.12 

24.82 

20.88 

89.48 

1840-1860 

23.10 

19.84 

20.83 

27.68 

1880-1885 

25.57 

25.12 

86.45 

46.06 

1850-1855 

26.40 

28.12 

82.75 

33.46 

1886-1894 

85.70 

29.52 

41.06 

48.96 

1866-1860 

26.27 

24.16 

27.71 

34.44  ' 

Professor  Kellerman  makes  this  very  interesting  assertion  in  his 
article : 

If  we  now  make  a  brief  survey  of  the  results  obtained  in  the  foregoing,  we 
must  affirm  that  the  development  of  the  yields  of  cultivated  soil  since  the  be- 
ginning of  the  past  century  presents  a  very  pleasing  i^icture.  Not  only  that 
agriculture  by  absolute  addition  to  the  acreage  of  30  to  35  per  cent  and  de- 
crease in  fallow  from  33  to  4i  per  cent  has  tried  to  meet  the  growing  need  of 
the  nation  for  food,  but  above  all  that  it  has  shown  how  to  gain  from  the  soil 
gradually  two  and  one-half  times  as  much  i)er  unit  of  surface  as  formerly. 

There  is  available  in  the  report  of  the  French  minister  of  agricul- 
ture the  yield  of  cereals  for  France  from  1815  to  1876,  and  the  figures 
show  that  during  this  period  of  fifty  years  wheat,  rye,  barley,  and 
oats  have  all  increased. 


Ywld  of  cerealH  in  France, 


Year. 

Wheat. 

Rye. 

Barley. 

Oats.     ,        Year. 

W^heat. 

Rye. 

Barley. 

Oato. 

1816-1824 

1825-1884 

1835-1844 

Bushels. 
11.86 
18.44 
14.30 

Bushds. 
10. 10 
12.34 
13.01 

Bushels. 
14.45 
11.64 
15.92 

Bushds. 

17.12      1855-1864.... 
17.78      18C.5-1874.... 
20.10      1875-1876.... 

Bushels. 
15.90 
15.81 
16.60 

Bushels. 
14.11 
14.65 
15.71 

Bushels. 
19.90 
19.75 
19.00 

Bushds. 
24.96 
24.49 
23.61 

Wheat  has  increased  from  11.86  to  16.60  bushels;  rye  from  10.1  to 
15.7  bushels;  barley  14.4  to  19  bushels:  oats  from  17.12  to  23.61 
bushels. 

Records  are  also  available  for  Germany  from  1881  to  1900,  and 
during  that  time  the  yield  of  wheat  has  increased  from  21.75  to  26.55 
bushels;  rye  from  18.56  to  23.04  bushels;  barley  from  29.07  to  32.49 
bushels;  oats  from  36.96  to  45.08  bushels.  This  is  for  the  entire  area 
of  the  German  Empire.  The  details  are  given  in  the  table  on  the  fol- 
lowing page. 


76 


SOILS   OF   THE   UNITED   STATES. 


Yield  of  cereals  in  Oermany. 


Ye»r. 

Wheat. 

Rye. 

Barley. 

Oats. 

1881-1886 

Bushels. 
21.76 
22.66 
24.30 
26.66 

Bushels. 
18.56 
19.04 
21.28 
23.04 

Busheis. 
29.07 
29.07 
81.64 
82.49 

Bushels. 
86.96 
40.82 
40.88 
45.08 

1886-1890 

1891-1896 

1896-1900 

Statistics  for  the  whole  of  Europe  from  1876  to  1904  show  a  grad- 
ual increase  in  yield  per  acre  of  all  cereal  crops.  AMieat  has  increased 
from  12.90  to  15  bushels;  rye  from  11.84  to  14.08  bushels;  barley  from 
17.86  to  18.62  bushels;  oats  from  24.08  to  27.16  bushels.  The  details 
are  given  in  the  accompanying  table. 


Yield  of  cereals  in  Europe. 

Year. 

Wheat. 

Rye. 

Barley. 

OatA.            Year. 

Wheat. 

Rye. 

Barley. 

Oats. 

1876-1880 

1881-1885 

1886-1890 

Bushels. 
12.90 
13.66 
18.60 

Bushels. 
11.81 
12.16 
12.48 

Buifhel*. 
17.88 
18.43 
18.62 

Bushds. ! 
24.06 
24.36 
25.20 

1 

1891-1896.... 
1896-1900.... 
1901-1904.... 

Bushels. 
14.10 
13.96 
16.00 

Bushels. 
13.28 
14.06 

Bushels. 
19.76 
18.62 

Bushels. 
26.32 
27.16 

The  records  of  Denmark,  Holland,  Belgium,  Norway,  Austria,  and 
other  European  countries  for  which  data  are  available  show  con- 
tinued increase  in  the  yield  per  acre  of  cereal  crops,  as  in  the  cases 
cited  above. 

From  this  historical  evidence  it  appears  tliat  on  these  old  soils  of 
the  old  countries,  which  have  been  under  cultivation  for  a  thousand 
years,  the  yields  within  the  last  century  have  actually  increased,  as 
shown  not  only  by  general  statistics  gathered  by  the  States,  but 
by  the  statistics  of  individual  farms  which  have  been  continually 
under  the  management  and  in  the  possession  of  the  same  families. 
This  shows  that,  so  far  from  wearing  out,  these  soils  have  been 
steadily  increasing  in  productivity  within  the  period  of  which  we 
have  statistical  records.  This  increase  is  due  to  better  methods  of 
cultivation,  more  systematic  rotation  of  crops,  more  care  in  the  selec- 
tion of  seed,  increase  of  live  stock,  and  in  later  yeai*s  to  the  introduc- 
tion of  commercial  fertilizers — ^guano  from  Peru,  nitrate  from  Chile, 
phosphate  from  the  United  States,  potash  from  Germany;  but  how 
much  is  due  to  each  of  these  factors  can  not  be  determined  by  any 
available  records. 

FERTILITY   OF   SOILS   CAN   BE  TEMPORARILY    IMPAIRED. 

While  in  the  foregoing  it  has  been  shown  that  soils  do  not  wear  out 
in  the  sense  that  we  have  been  accustomed  to  use  this  term  and  that 
there  is  no  general  deterioration  of  lands,  the  individual  can  abuse  his 
soil  as  he  can  abuse  his  own  physical  powers,  but  in  the  long  run. 
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even  in  the  finite  time  with  which  we  are  concerned,  it  does  not  affect 
the  great  problem  of  the  general  fertility  of  the  soil.  It  is  but  a 
detail  making  up  the  general  average  of  national  soil  conditions. 

The  fertility  of  the  farm  can  be  temporarily  impaired  by  improper 
or  careless  cultivation,  as  in  the  case  of  cotton  soils  of  the  South, 
where  erosion  is  so  rapid  that  we  can  hardly  maintain  from  year  to 
'  year  the  soils  that  we  last  year  cultivated.  And  what  becomes  of  the 
soil  that  is  eroded?  It  forms  the  fertile  rice  lands  of  the  deltas  of 
the  rivers.  These  are  the  soils  from  the  poor  washed  lands  of  the  up- 
country  changed  as  to  their  organic  matter  content,  which  they  have 
acquired  in  their  gradual  progress  down  the  streams,  and  changed  as 
a  result  of  this  organic  content  in  their  physical  properties,  but  un- 
changed with  respect  to  the  kind  of  minerals  they  contain.  They  are 
not  and  never  have  been  exhausted  of  plant  food.  With  this  change 
of  state  they  are  wonderfully  productive. 

The  fertility  of  the  soils  can  also  be  temporarily  impaired  by  im- 
proper rotation  of  crops  as  has  already  been  shown. 

A  recent  bulletin  (No.  96)  of  the  South  Dakota  Experiment  Sta- 
tion reports  a  very  interesting  experiment  bearing  upon  this  point, 
not  only  as  regards  the  possibility  of  impairment  but  the  ease  with 
which  the  crop-producing  power  of  the  soil  can  be  temporarily  im- 
paired. 

The  character  of  the  soil  and  the  lay  of  the  land  is  somewhat  poorer  than 
the  average  in  Hyde  County.  1903  was  a  good  year  for  nearly  all  crops. 
1904  was  favorable  to  the  maturity  of  early  crops  and  small  grains,  but 
the  late  drought  destroyed  most  all  of  the  later  crops.  *  ♦  ♦  In  1903 
three  pieces  of  land,  each  S  rods  wide,  lying  side  by  side  and  separated  only 
by  roads  1  rod  wide,  were  cropped  as  follows:  One  was  in  wheat,  tlie  second 
was  in  com,  and  the  third  was  summer  fallowed.  Previously  to  1903  all 
had  about  the  same  treatment. 


Wheat. 
Emmer 
Barley . 
OaUi . . . 


After         After         After 
wheat.        com.       fallow. 


2.7  '  17.8  9.8 

3  86.9  82.2 

0  28.8  17.5 

1.4  48.1  54.4 


*  •  ♦  The  season  of  1904  at  Highmore  was  very  dry,  the  rainfall  for  the 
five  growing  months  being  8.55  inches. 

♦  ♦  *  As  a  result  of  the  dry  weather,  everything  was  a  total  failure  on 
the  land  that  had  grown  a  crop  of  small  grain  the  year  before. 

♦  *  ♦  On  the  land  that  had  been  in  corn  the  year  before,  separated  from 
the  latter  plats  only  by  a  road  a  rod  wide,  sown  with  the  same  drill,  the  same 
seed,  and  at  the  same  time,  we  harvested  a  reasonably  good  crop  of  all  kinds 
of  grain. 

•  *  ♦  On  the  summer-fallowed  land  lying  next  to  the  corn  ground  and 
with  all  conditions  the  same  except  the  preparation  of  the  land,  the  crop  was 
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fairly  good,  but  with  tbe  exception  of  the  two  varieties  of  oats  was  not  as  good 
as  on  the  com  ground. 

•  •  ♦  All  our  experience  goes  to  prove  that  as  good  a  crop  of  grain  can  be 
grown  following  a  well-tended  crop  of  corn  as  can  be  grown  after  the  best 
summer  fallow.  In  fact»  we  have  some  very  strong  evidence  now  to  prove  that 
the  fertility  and  croiHproducing  {towers  of  the  soil  are  maintained  longer  by  a 
system  of  alternate  cropping  to  corn  than  they  are  by  a  system  of  summer 
fallowing. 

•  ♦  ♦  This  Instance  of  small  grain  l>eing  a  total  failure  when  grown  after 
small  grain  in  a  dry  year,  while  at  the  same  time  a  good  crop  was  produced 
after  corn  is  not  an  isolated  case,  but  it  is  the  general  rule.  In  fact,  it  is  be- 
coming so  well  known  that  in  some  sections  of  both  this  and  other  States  with 
similar  riinmtic  conditions  farmers  uiAke  a  practice  of  planting  half  their  land 
to  corn  or  some  other  cultivated  crop  every  year,  and  never  think  of  sowing 
small  grain  after  small  grain.  It  is  the  introduction  of  such  practices  as  this, 
with  their  attendant  good  results,  together  with  the  introduction  of  varieties 
of  grain  adapted  to  the  conditions  of  soil  and  climate  that  lends  color  to  the 
more  or  less  general  belief  that  the  climate  is  undergoing  a  i)ermanent  change. 

They  find,  therefore,  that  grain  does  materially  injure  the  soil  for 
grain  again,  that  corn  appears  to  improve  it,  even  over  summer  fal- 
low, and  yet  during  the  fallow  no  plant  food  is  removed,  while 
with  the  crop  of  corn  certainly  a  considerable  amount  of  plant  food  is 
removed,  notwithstanding  which  the  soil  is  left  in  better  condition  for 
the  following  crop.  Whether  this  was  due  to  moisture  conditions, 
the  presence  of  toxic  substances,  or  other  causes,  the  results  bring  out 
very  strikingly  the  effects  of  different  methods  in  improving  the  crop- 
producing  power  of  the  soil. 

To  these  very  striking  illustrations  could  he  added  any  amount  of 
evidence  of  the  deterioration  of  fields  in  almost  anv  community. 
Lands  normally  producing  from  40  to  (>0  bushels  of  corn  per  acre  if 
turned  over  to  tenant  farmers  are  liable  to  become  very  unproductive 
in  a  short  time.  They  take  on  the  appearance  that  we  attribute  to 
worn-out  and  exhausted  soils,  but  surely  their  present  condition  is 
not  due  to  the  loss  of  plant  food,  since  by  the  gradual  "'  exhaustion  " 
by  poor  farming  these  lands  have  constantly  produced  less  than  the 
better  farmed  fields.  In  such  cases  it  is  well  known  that  these  lands 
could  easily  be  brought  up  to  produce  fair  crops  by  better  methods  of 
cultivation. 

The  great  point  to  be  made  here  is  that  our  judgment  is  apt  to  be 
influenced  by  these  individual  cases  of  the  temporary  impairment  of 
the  productive  power  of  the  soil  and  that  statistics  fail  to  show  that 
there  is  any  widespread  exhaustion  or  deterioration  of  the  soil. 

As  we  see  it  now,  the  main  cause  of  infertile  soils  or  the  deteriora- 
tion of  soils  is  the  improper  sanitary  conditions  originally  present  in 
the  soil  or  arising  from  our  injudicious  culture  and  rotation  of  crops. 
It  is,  of  course,  exceedingly  difficult  to  work  out  the  principles  which 
govern  the  proper  rotation  for  any  particular  soil. 
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The  important  thing  is  that  we  now  understand  the  nature  of  the 
soil ;  how  it  supplies  the  nutrient  constituents  for  the  crops  and  how  it 
maintains  this  supply;  how  crops  may  affect  each  other  when  grown 
in  succession  on  the  soil;  how  cultivation  affects  the  conditions  re- 
sulting from  the  crop,  and,  lastly,  we  are  beginning  to  understand 
how  fertilizers  come  into  this  scheme  and  themselves  act  on  or  change 
toxic  conditions  in  the  soil,  rendering  the  soil  again  sweet  and  healthy 
for  the  growing  crop. 

It  has  been  shown  that  our  impressions  of  the  deterioration  of  the 
wheat  soils  of  the  Northwest  are  apparently  incorrect.  These  im- 
pressions have  probably  been  derived  from  exceptionally  high  yields 
on  certain  farms  and  from  recollections  of  individuals,  frequently 
recorded  in  newspaper  articles.  As  a  matter  of  fact,  the  soils  as  a 
whole  are  actually  producing  more  now  with  the  introduction  of 
better  methods  than  they  formerly  did.  For  analogy  reference  has 
been  made  to  the  impressions  which  are  prevalent  in  regard  to  a 
change  in  the  climate. 

It  has  been  shown  that  on  abandoned  farms  in  certain  areas  in  the 
New  England  States  and  in  New  York  the  actual  yield  per  acre  is 
as  great  now  as  it  was  formerly,  and  that  the  cause  of  the  abandon- 
ment of  the  farms  must  be  sought  in  other  lines  than  the  exhaustion 
of  plant  food  from  the  soils. 

It  has  been  shown  that  in  southern  Maryland  and  in  middle  Vir- 
ginia the  cause  of  the  recent  depression  in  agriculture  and  of  the  low 
yield  of  crops  is  due  to  methods  which  have  prevailed  rather  than  to 
any  exhaustion  of  the  soil,  and  that  with  improved  methods  these  areas 
are  coming  up  and  will  again  be  made  to  produce  satisfactory  crops. 
The  soils  are  not  wearing  out  in  the  sense  that  they  are  unable  longer 
to  provide  mineral  nutrients,  but  the  yields  are  low  because  through 
the  prevailing  methods  the  soils  have  not  been  maintained  in  proper 
condition.  In  these  latter  instances  the  yields  have  actually  declined, 
but  not  from  the  cause  which  has  been  generally  ascribed. 

It  has  been  shown  that  from  the  modern  conception  of  the  nature 
and  purpose  of  the  soil  it  is  evident  that  it  can  not  wear  out,  that 
so  far  as  the  mineral  food  is  concerned  it.  will  continue  automatic- 
ally to  supply  adequate  quantities  of  the  mineral  plant  foods  for 
crops,  but  it  has  also  been  shown  that  the  soil  can  be  abused  and  its 
fertility  temporarily  impaired  by  improper  methods  of  handling.. 

Lastly,  it  has  been  shown  from  the  statistics  of  European  countries 
that  the  soils  of  the  world  are  not  wearing  out,  but  that,  on  the 
contrary,  after  a  thousand  years  of  cultivation,  with  the  introduction 
of  better  methods,  with  the  necessity  of  raising  larger  crops,  these 
soils  are  responding  with  an  increased  yield  even  over  what  they 
produced  at  the  beginning  of  the  last  century. 
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As  a  national  asset  the  soil  is  safe  as  a  means  of  feeding  mankind 
for  untold  ages  to  come.  So  far  as  our  investigations  show,  the  soil 
will  not  be  exhausted  of  any  one  or  all  of  its  mineral  plant  food  con- 
stituents. If  the  coal  and  iron  give  out,  as  it  is  predicted  they  will 
before  long,  the  soil  can  be  depended  upon  to  furnish  food,  light, 
tieat,  and  habitation  not  only  for  the  present  population  but  for  an 
enormously  larger  iK)pulation  than  the  world  has  at  present. 

Personally,  I  take  a  most  hopeful  view  of  the  situation  as  respects 
the  soil  resources  of  our  country  and  of  the  world  at  large.  I  can 
not  bring  myself  to  believe  that  the  discouraging  reports  that  have 
been  issued  from  time  to  time  as  to  the  threatened  deterioration  of 
our  soils,  as  to  the  exhaustion  of  any  particular  element  of  fertility, 
will  ever  be  realized.  "While  I  know  that  soils  do  change  in  the 
infinite  order  of  time,  I  have  no  thought  that  they  do  change  ma- 
terially, structurally,  profoundly,  in  the  finite  range  of  human 
experience  or  of  human  knowledge.  It  is  dependent  upon  us  to 
study  the  soil  to  understand  the  changes  brought  about  by  cultivation 
and  by  cropping,  to  win  from  the  soil  not  only  our  present  yields, 
but  increasing  yields  for  the  larger  population  that  we  can  reason- 
ably expect. 

It  must  not  be  assumed  that  even  if  these  commonly  accepted 
impressions  regarding  the  deterioration  of  soils  through  loss  of  plant 
food  are  wrong,  that  there  is  no  field  for  soil  investigation.  The 
question  is  just  now  assuming  the  importance  of  a  science.  We  are 
just  beginning  to  realize  the  nature  of  the  soil,  its  functions,  and  its 
relations  to  crops.  There  are  certain  great  problems  that  will  have 
to  l)e  worked  out  under  government  auspices.  These  questions  are 
too  far-reaching,  too  profound,  too  universal,  for  any  one  person 
or  any  local  institution  to  solve.  The  laws  governing  the  soil  and 
its  relation  to  crops,  including  the  rotation  of  crops,  have  to  be  better 
understood.  Upon  what  principles  are  they  based?  What  does  the 
plant  do  to  the  soil?  A\liat  do  bacteria  do  to  the  products  of  the 
plant  ?  How  can  these  agencies  be  aided  or  controlled  for  the  good 
of  mankind?  Why  does  not  the  soil  purify  itself  and  keep  itself 
in  condition  to  destroy  the  waste  products  of  the  plant?  It  ought 
to  do  so.     It  is  intended  that  it  should  and  in  the  l:)est  soils  it  does. 

We  will  have  to  understand  better  than  we  do  now  the  necessary 
physical  treatment  of  soils  through  methods  of  cultivation — what 
cultivation  does,  how  it  improves  the  texture  or  the  sanitary  condi- 
tions of  the  soil.  We  know  that  the  soil  needs  stirring;  it  needs 
change.  Just  how  does  this  operate  to  improve  the  condition  of  the 
soil  for  the  coming  crop?  The  way  fertilizers  act,  and  when  and 
under  what  conditions  they  are  necessary,  and  how  most  effective, 
are  questions  which  must  be  better  understood  than  they  are  at 
present. 


PART  11.  CLASSIFICATION  AND  DISTRIBUTION  OF  THE 
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INTRODUCTION. 


The  soil  is  the  greatest  natural  resource  of  the  Nation.  With  the 
exhaustion  of  coal  and  iron  it  will  supply,  if  rightly  used,  not  only 
food  and  clothing  as  at  present,  but  also  fuel,  light,  power,  and  struc- 
tural materials  now  supplied  to  a  greater  or  less  extent  by  these  min- 
erals. It  produces  now  over  $7,000,000,000  in  products  annually, 
forming  the  basis  of  our  industrial  wealth  and  a  large  propor- 
tion of  our  foreign  exports,  yet  we  are  but  now  taking  up  the  last 
of  our  public  lands  available  for  cultivation  and  the  country  is  still 
so  sparsely  settled  that  only  about  a  quarter  of  the  land  nominally  in 
farms  is  actuallv  under  cultivation. 

From  these  lands  we  are  getting  only  a  third  or  a  half  the  yield 
per  acre  obtained  on  the  older  soils  of  Europe,  and  within  the  past 
fifty  years  we  have  seen  in  many  individual  farms  the  productivity 
of  our  new  soils  decline  more  than  in  equal  proportion  to  the  increase 
in  productivity  of  European  countries.  The  population  of  the  coun- 
try is  rapidly  increasing  and  the  time  has  surely  come  when  we  must 
face  the  situation  and  when  we  should  take  an  account  of  stock  and 
deliberate  as  to  what  should  be  done  to  increase  the  returns  from  the 
land  and  yet  leave  the  soil  in  better  condition  for  succeeding  genera- 
tions. The  soil  is  the  one  natural  resource  which,  if  properly  used, 
not  only  clothes  and  feeds  us,  but  improves  with  age  and  careful 
treatment  for  the  continued  use  of  posterity.  What  these  soil  re- 
sources are  the  Bureau  of  Soils  is  determining  through  the  soil  sur- 
vey. How  they  should  be  utilized  the  department,  through  its  sev- 
eral bureaus  and  the  experiment  stations,  is  learning.  But  under  all, 
as  a  basis  of  all  intelligent  development,  is  the  knowledge  of  and 
classification  of  the  soils. 

Few  realize  the  frequent  changes  of  location  made  by  the  American 
farmer  and  farm  laborer.  It  is  not  with  us  as  it  is  in  most  of  the 
European  countries,  where  families  live  for  generations  on  the  same 
land  until  they  get  from  long  experience  and  by  force  of  circum- 
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stances  and  necessity  an  intimate  knowledge  of  its  peculiarities  and 
of  the  best  ways  to  handle  it,  although  they  may  pretend  to  little 
knowledge  of  other  soils  of  different  texture  or  other  peculiarities. 
One  method  of  cropping  or  of  soil  management  can  not  succeed 
equally  on  all  our  soils,  nor  can  any  text-book  show  all  the  methods  or 
all  the  agencies  for  the  improvement  of  our  different  soils,  but  enough 
is  now  known  about  the  cause  of  fertility  and  infertility  for  the  pub- 
lic to  undei*stand  that  an  impoverished  or  run-down  soil  is  due  to 
extreme  poverty  of  the  owner  or  tenant,  to  neglect  or  to  actual  abuse, 
as  we  realize  now  that  these  factors  form  the  principal  causes  of  the 
occurrence  and  spread  of  many  contagious,  infectious,  or  epidemic 
diseases. 

The  Bureau  of  Soils  on  Januaiy  1,  1908,  completed  the  detailed 
soil  mapping,  on  the  scale  of  1  inch  to  the  mile,  of  areas  amounting 
to  146,606  square  miles,  or  93,828,114  acres,  in  continental  United 
States.  This  work  has  been  widely  distributed  in  300  areas,  usually 
of  county  imits,  in  all  of  the  States  and  Territories  except  Maine  and 
Nevada.  The  areas  have  been  selected  with  some  reference  to  the 
density  of  population,  and  with  particular  regard  to  the  different 
agricultural  districts  and  agricultural  interests  of  the  country.  Com- 
paring this  area  with  the  area  of  certain  foreign  countries,  it  will  be 
seen  that  it  is  larger  than  Great  Britain  (including  England,  Scot- 
land, Ireland,  and  Wales),  three- fourths  the  size  of  France,  larger 
than  Italy,  and  about  the  size  of  Japan,  but  much  less  thickly  popu- 
lated, as  appears  from  the  following  table : 

irea  and  population  of  the  United  States  and  of  a'rtain  foreign  countries. 


Country. 


German  Empire 

France  

Spain 

Japan 

United  States  (surveyed) 

Great  Britain  and  Ireland 

Eqnador 

Italy 

Paraguay 

Portugal 

Greece 

Switzerland 

Denmark 

Netherlands 

Belgium 

•  Estimated 


Sq 


Area. 

Population. 

.miles. 

206,780 

60,641,278 

207,054 

38,961,945 

19i,788 

18,618,086 

U7,655 

46,732,138 

146,606 

a6, 000, 000 

121,391 

41,976,827 

116,000 

1,205,600 

110,660 

32,475,253 

96,000 

631,347 

35,490 

5,423,132 

25.014 

2,488,806 

15.976 

3,463,609 

15,592 

2,605,268 

12,648 

5,591,701 

11.373 

6,608,548 

Population 

per  square 

mile. 


290 
188 

96 
316 

41 
346 

10 

2»1 

6 

153 

97 
217 
167 
442 
589 


The  amount  of  work  done  in  each  State  and  the  actual  cost  of  the 
field  work,  including  salaries  and  field  expenses  of  the  men,  are  given 
in  the  accompanying  table. 
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SatcorTerritoi 

■1-.           '     Are«. 

Total 

*0M. 

Slate  or  Teirltory. 

Am. 

Total 
COM. 

IS 

1 

Is 

3,066 

11 

SQ,mi. 

;;;:::::    J, 

1,279 
«144 

'•ffi 

'2i7 

K! 

146,  MM 

:::::::;,    ?:| 

U.-M 

a.«6s 

^si? 

^96l 

S.M 

W.M] 

"■S! 

Kenlucky 

::.:::;:    tow 

Is 

IS.SIO 
\B80 

Wlaoonnin 

4,M« 

Montana 

This  wide  distribution  of  the  work,  besides  benefiting  the  people 
in  a  somewhat  equitable  way  in  each  of  the  States,  has  enabled  the 
Bureau  to  acquire  in  the  shortest  possible  time  and  with  the  least  ex- 
penditure of  funds  a  knowledge  of  the  soils  of  the  entire  country  that 
could  not  have  been  obtained  in  any  other  manner.  With  the  infor- 
mation now  available  it  has  been  possible  to  construct  a  general  map 
of  the  United  States,  showing  the  great  soil  provinces,  although  not 
sufficient  work  has  been  done  to  construct  a  detailed  soil  map  of  any 
one  of  these  provinces.  The  following  table  gives  the  name  and  area 
of  the  soil  provinces  and  the  proportion  of  each  that  has  been  covered 
by  the  soil  survey.  It  is  not  unlikely  that  as  the  work  progresses  and 
as  our  knowledge  of  the  soils  increases  it  will  seem  advisable  to  divide 
some  of  these  provinces  into  two  or  more  parts. 

Soil  proviacrt  of  the  United  States. 
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It  is  estimated  that  the  areas  which  have  Ijeen  surveyed  contain  a 
rural  populjation®  of  about  6,000,000  people,  or  about  one-sixth  of 
the  rural  population  of  continental  United  States.  It  is  estimated 
that  with  the  Congressional  distribution  and  the  requests  which 
have  come  to  the  Department  upward  of  1,500,000  copies  of  the  soil 
maps  and  accompanying  reports  have  been  distributed,  not  only  to 
people  within  the  areas  surveyed,  but  to  a  large  number  of  people 
seeking  information  regarding  the  soil  resources  of  these  areas. 

It  is  proposed  now  to  give  a  succinct  statement  of  the  knowledge 
that  has  been  acquired  of  the  soils  and  the  soil  resources  of  the  United 
States.  No  attempt  will  be  made  to  give  a  detailed  description  of 
the  715  soil  types  so  far  encountered  and  only  a  very  brief  descrip- 
tion of  the  86  soil  series  which  have  been  established,  as  this  infor- 
mation is  given  in  detail  in  the  separate  reports  on  the  different  areas 
and  in  a  more  technical  way  in  the  Soil  Survey  Field  Book,  which 
can  be  consulted  in  most  of  the  public  libraries  or  can  be  obtained 
directlv  from  the  Department.  It  is  intended  briefly  to  set  forth  the 
agricultural  value  of  the  several  types  of  soil,  or  the  way  in  which 
they  are  at  present  being  used,  mentioning  for  this  purpose,  however, 
only  the  principal  crops  or  agricultural  interests  and  not  going  into  a 
detailed  statement  of  all  the  crops  which  are  grown  or  into  methods 
of  cultivation  or  soil  management.  Such  a  detailed  treatment  of  the 
soils  of  the  United  States  would  far  exceed  the  limits  of  this  publica- 
tion and  can  w^ell  be  deferred  until  the  soils  of  the  several  provinces 
are  written  up  in  detail. 

BRIEF   DESCRIPTION    OF   THE   SOIL   SERIES. 

The  following  very  brief  description  of  the  soil  series  which  have 
been  established  in  the  United  States,  arranged  under  the  soil  prov- 
inces in  which  they  occur,  will  be  found  useful  as  a  key  to  the  more 
detailed  descriptions  of  the  soil  types  which  follow : 

ATLANTIC   AND  GULF   COASTAL  PLAINS. 

Bastrop  aeries, — Brown  soils  with  reddish-brown  to  red  subsoils 
occurring  as  nonoverflow  terraces.  Cotton,  corn,  sorghum,  alfalfa, 
melons,  and  potatoes  are  successfully  produced. 

Crockett  series. — Dark-gray  prairie  soils  underlain  by  mottled  red 
subsoils.  Derived  from  slightly  calcareous  material,  the  soils  of  this 
series  are  productive.  Cotton  and  the  general  farm  crops  are  the 
leading  products.  The  gravelly  soil  is  early  and  adapted  to  early 
truck. 


<»  Cities  of  more  than  25,000  inhabitants  have  been  excluded. 
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Elkton  series. — Light-gray  to  white  surface  soils,  with  mottled 
whitish  gray  and  yellow  subsoils,  overlying  gravel  and  coarse  sands. 

Gadsden  series. — Gray  soils,  with  subsoils  of  similar  texture  occu- 
pying gentle  slopes  and  depressions  and  formed  by  wash  or  creep 
from  higher  areas.  This  series  occurs  in  rather  local  development, 
particularly  in  Florida,  southern  Georgia,  and  Alabama.  They  are 
very  productive  soils  and  well  adapted  to  tobacco.  No  heavy  mem- 
bers of  the  series  have  been  encountered,  and  it  is  doubtful  if  any 
exist. 

Guirb  series. — Gray  soils  w-ith  brown  to  yellowish-red  subsoils,  oc- 
curring as  rolling  and  hilly  uplands.  Intermediate  series  between 
the  Norfolk  and  Orangeburg  series.  Owing  to  the  rather  rough  to- 
pography these  soils  have  not  been  developed  as  much  as  either  of  the 
other  series,  although  they  seem  capable  of  producing  better  crops 
than  they  do  now. 

Houston  series. — Dark-gray  or  black  calcareous  prairies.  One  of 
the  most  productive  series  for  Upland  cotton  and  well  adapted  to  al- 
fklfa  and  other  forage  crops. 

Laredo  series, — Gray  to  light-brown  calcareous  soils  with  gray  sub- 
soils. Good  cotton,  corn,  and  sugar  cane  soils,  and  especially  adapted 
to  the  early  production  of  vegetables — cabbage  and  onions  in  par- 
ticular. 

Lufkin  series. — Light-colored  soils  with  heavy  mottled  gray  and 
yellow  subsoils.  The  soils  of  this  series  have  only  a  moderate  degree 
of  productivity. 

Montrose  series. — Gray  soils  with  heavy  plastic  mottled  yellow  sub- 
soils. These  soils  are  in  part  poorly  drained,  but  where  cuhivable 
they  produce  moderate  yields  of  cotton  and  corn. 

Myatt  series. — Gray  soils  with  mottled  yellow,  gray,  and  whitish 
subsoils  occurring  in  poorly  drained  areas  around  heads  of  streams 
and  intermediate  between  uplands  and  bottom  lands.  This  series 
seems  to  be  of  local  extent  and  but  little  developed. 

Norfolk  series. — Light-colored  soils  with  yellow  sand  or  sandy  clay 
subsoils.  This  series  contains  some  of  the  most  valuable  truck  soils 
of  the  Atlantic  and  Gulf  Coast  States,  and  certain  members  of  the 
series  are  adapted  under  certain  climatic  conditions  to  wheat,  grass, 
tobacco,  and  fruit. 

Oktibbeha  series. — Gray  soils  with  brown  to  yellowish-brown  heavy 
subsoils  related  to  Houston  series  in  origin.  The  soils  of  this  series 
are  distinctly  inferior  to  the  soils  of  the  Houston  series  and,  as  they 
appear  to  cover  large  areas  in  Mississippi  and  Alabama,  present  a 
difficult  problem  in  soil  improvement. 

Orangeburg  series. — Light-colored  soils  with  red  sandy  clay  sub- 
soils.   This  series  constitutes  some  of  the  best  cotton  soils  of  th« 
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South,  and  certain  membere  of  the  series  are  particularly  adapted  to 
tobacco. 

Portsmouth  series. — Dark-colored  soils  with  yellow  or  mottled  gray 
sand  or  sandy  clay  subsoils.  WTiere  drainage  is  adequate  this  series 
is  adapted  to  some  of  the  heavier  truck  crops,  to  small  fruits,  and  to 
indian  com. 

Sassafras  series. — Yellowish-brown  surface  soils  w^ith  reddish-yel- 
low to  light-orange  subsoils  overlying  gravel  beds. 

Susquehanna  series. — ^Gray  soils  with  heavy  red  clay  subsoils  which 
become  mottled  and  variegated  in  color  in  the  deep  subsoil.  Only 
one  member  of  this  series,  the  sandy  loam,  has  been  developed  to  any 
considerable  extent.  This  one  is  used  for  fruit  and  general  farm 
purposes,  but  the  other  members  are  particularly  refractory  and  diffi- 
cult to  bring  into  a  productive  state. 

Wehh  series. — Brown  to  reddish-brown  soils  with  reddish-brown 
to  red  subsoils,  a  semiarid  prototype  of  the  Orangeburg  series.  The 
soils  of  this  series  have  not  been  used  to  any  great  extent,  owing  to 
lack  of  irrigation  facilities. 

Wickham  series. — Reddish  or  reddish-brown  terrace  soils  overlying 
rpddish,  micaceous  heavy  sandy  loam  or  loam  subsoils.  The  soils 
of  this  series  have  a  relatively  high  productivity  for  general  farm 
crops. 

Wilson  series. — Dark-gray  prairie  soils  with  mottled  gray  subsoils. 
The  clay  member  of  this  series  is  a  strong  soil  devoted  to  general 
farming,  with  cotton  as  the  leading  crop.  The  other  members  are 
used  for  cotton,  but  are  inclined  to  be  droughty. 

RIVER  FLOOD  PLAINS. 

Congaree  series. — Brown  or  reddish-brown  soils  found  along  Pied- 
mont streams  and  representing  wash  from  Cecil  soils.  Valuable 
and  dependable  corn  soils,  but  too  low  and  moist  for  cotton. 

Huntington  series. — Dark-brown  to  yellowish-brown  soils  occurring 
along  streams  in  the  Allegheny  plateaus.  Both  the  general  farm 
crops  and  truck  crops  thrive  on  these  soils. 

Miller  series. — Brown  to  red  alluvial  soils  formed  from  the  re- 
working of  materials  derived  from  the  Pefmian  Red  Beds.  Very 
productive  soils  suitable  for  cotton,  corn,  sugar  cane,  alfalfa,  and 
vegetables ;  especially  adapted  to  peaches. 

Ocklocknee  series. — Gray  to  yellowish-brown  soils  found  along 
streams  in  Coastal  Plain  Georgia,  Alabama,  and  Mississippi.  Cot- 
ton, com,  and  pasturage  are  the  leading  products. 

Wabash  series. — Dark-brown  or  black  soils  subject  to  overflow. 
Very  productive  soils  used  for  cotton,  sugar  cane,  corn,  wheat,  oats, 
grass,  alfalfa,  sugar  beets,  and  potatoes  and  other  vegetables. 


BRIEF  DESCRIPTION    OF   SOIL  SERIES.  87 

Waverly  series, — Light-colored,  alluvial  soils  subject  to  overflow. 
Less  productive  than  the  Wabash  soils,  but  adapted  to  the  same  wide 
range  of  crops. 

Wheeling  series. — Brown  to  yellowish-brown  soils  occurring  on 
gravel  terraces  along  streams  issuing  from  glaciated  regions.  Excel- 
lent soils  for  general  farming,  and  fruit  and  truck  growing. 

PIEDMONT    PLATEAU. 

Cecil  series. — Gray  to  red  soils  with  bright-red  clay  subsoils,  de- 
rived from  igneous  and  met'amorphic  rocks.  Constituting  by  far 
the  larger  portion  of  the  province,  these  soils  are  well  adapted  to  and 
used  for  cotton,  export  tobacco,  and  fruit,  and  the  lighter  members 
for  truck  crops.  As  a  rule  they  are  not  highly  developed,  but  where 
properly  handled  the  heavier  members  produce  excellent  crops  of 
corn  and  grazing  and  hay  grasses. 

Chester  series. — Gray  to  brown  surface  soils  with  yellow  subsoils, 
derived  principally  from  schists  and  gneisses.  The  most  valuable 
soils  of  the  province  for  wheat  and  corn  and  good  for  certain  fruits. 
The  most  highly  developed  soils  of  the  Piedmont  plateau. 

Penn  series. — Dark  Indian-red  soils  with  red  subsoils,  derived  from 
red  sandstones  and  shales  of  Triassic  age.  Excellent  soils  for  gen- 
eral farm  crops,  particularly  wheat,  corn,  and  hay. 

APPALACHIAN    MOUNTAINS    AND    PLATEAU. 

Dekalb  series. — Brown  to  vellow  soils  w^ith  vellow  subsoils,  de- 
rived  from  sandstones  and  shales.  Soils  of  this  series  are  used,  ac- 
cording to  texture,  elevation,  exposure,  and  character  of  surface, 
either  for  the  production  of  hay,  for  pasture,  or  for  orchard  and 
small  fruits. 

Fayetteville  series. — Grayish-brown  to  brown  soils  with  yellowish 
or  reddish-brown  subsoils.  Adapted  to  apples,  grapes,  and  small 
fruits,  and  give  moderate  yields  of  general  farm  crops. 

Porters  series. — Gray  to  red  soils  with  red  clay  subsoils,  derived 
from  igneous  and  metamorphic  rocks.  This  is  the  greatest  mountain 
fruit  series  of  the  eastern  United  States.  It  is  also  used  for  general 
farming. 

Upshur  series. — Brown  to  red  soils  with  red  subsoils,  derived  from 
sandstones  and  shales.  Somewhat  more  productive  than  the  Dekalb 
soils.     Used  for  cotton,  corn,  wheat,  and  forage  crops. 

LIMESTONE  VALLEYS    AND   UPLANDS. 

Clarksville  series. — Light-gray  to  brown  soils  with  yellow  to  red 
subsoils,  derived  mainly  from  the  St.  Louis  limestone.  While  not  as 
strong  as  the  Hagerstown  soils,  this  is  a  valuable  series.    Apples  and 
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peaches  are  commercially  important.  Tobacco  is  a  leading  producl. 
General  farming  is  firmly  established  in  many  extensive  regions. 

Cumberland  series, — Brown  surface  soils,  derived  from  thin  deposit 
of  sedimentary  material  overlying  residual  limestone  subsoils.  Used 
for  cotton  and  other  general  farm  crops,  truck,  and  fruit. 

Decatur  seneis. — Reddish-brown  to  red  soils  with  intensely  red  sub- 
soils. Intermediate  in  value  between  the  two  series  just  described. 
Cotton,  corn,  wheat,  oats,  forage  crops,  bluegrass,  and  peaches  are 
the  leading  crops. 

Hageratown  series. — Brown  to  yellowish  soils  with  yellow  to  red- 
dish subsoils,  derived  from  massive  limestone.  Among  the  most  pro- 
ductive soils  of  the  eastern  United  States.  Fine  wheat  and  general 
farming  soils,  and  the  seat  of  important  apple  orcharding  interests. 
Bluegraas  is  indigenous. 

GLACIAL   AND   LOESSIAL   REQIONS. 

Marshall  series. — Dark-colored  upland  prairie  soils.  The  principal 
soils  of  the  great  corn  belt  belong  to  this  series,  while  in  the  Northwest 
the  finest  wheat  soils  are  found  in  this  group.  They  are  among  the 
best  general  farming  soils  of  the  entire  country. 

Miami  series. — Light-colored  upland  timbered  soils.  The  different 
members  of  this  series  are  considered  good  general  farming  soils  and 
have  in  addition  special  adaptations  for  truck,  fruit,  small  fruit,  and 
alfalfa. 

Volusia  series. — ^Light-colored  soils  with  yellowish  subsoils,  derived 
by  feeble  glacial  action  from  sandstones  and  shales.  The  soils  of  this 
series  are  adapted  to  the  production  of  potatoes,  grass,  oats,  buck- 
wheat, and  in  the  less  elevated  positions  to  corn. 

GLACIAL  LAKE  AND  RIVER  TERRACKS. 

Clyde  series. — Dark-colored  swamp  soils  formed  from  reworked 
glacial  material  deposited  in  glacial  lakes.  A  special  use  for  these 
soils  is  the  production  of  sugar  beets,  while  general  farm  crops,  truck, 
and  canning  crops  are  grown  extensively. 

Dunkirk  series. — Light-colored  reworked  glacial  material  occurring 
as  terraces  around  lakes  and  along  streams.  Good  general  farming 
soils  and  especially  adapted  to  grapes  and  other  fruits. 

Fargo  series. — Black  calcareous  soils  rich  in  organic  matter  formed 
by  deposition  of  material  in  glacial  lakes.  This  is  the  most  important 
group  of  soils  in  the  Red  River  Valley,  and  includes  exceptional  soils 
for  the  production  of  wheat,  barley,  and  flax.  While  these  are  the 
chief  crops  at  present,  the  soil  adaptations  are  by  no  means  limited  to 
small  grain  production.  Timothy  and  vegetables  may  become  more 
important  products  with  the  development  of  markets. 
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Hudson  seines. — Light-brown  to  yellowish-brown  soils,  with  drab 
to  yellowish  subsoils. 

Merrimac  series. — Brown  terrace  soils  underlain  by  gravel  formed 
principally  of  reworked  glaciated  crystalline  rocks.  Leachy  soils  of 
low^  general  farming  value,  but  especially  adapted  to  trucking  and 
apple  orcharding  in  some  sections. 

Sioux  series. — Dark-colored  soils  resting  on  dark  or  light-colored 
subsoils,  with  gravel  beds  usually  within  3  feet  of  the  surface.  The 
crops  produced  on  soils  of  this  series  range  from  early  short-seasoned 
truck  crops  through  special  crops  like  alfalfa  and  sugar  beets  to  the 
wide  variety  of  general  farm  crops  produced  in  the  Central  West. 

Superior  series. — Gray  and  red  soils  with  red  subsoils,  formed  from 
reworked  glacial  material  deposited  in  glacial  lakes.  Not  extensively 
developed,  but  known  to  include  fine  types  for  clover,  timothy,  and 
small  fruits. 

Verge  fines  seHes. — Light-colored  soils,  with  gray  or  whitish  sub- 
soils, derived  from  Champlain  clays  or  lighter  deposits  over  these 
clays.  This  series  includes  the  best  hay  and  apple  soils  of  the  Cham- 
plain  Valley.  A  wide  variety  of  tillage  crops  is  grown,  but  cultiva- 
tion of  the  heavier  members  of  the  series  is  very  difficult. 

RESIDUAL   SOILS  OF  THE   WESTERN  PRAIRIE  REGION. 

Crawford  seines. — Brown  soils  with  reddish  subsoils,  derived  from 
limestones.  The  soils  of  this  series  range  from  rough  areas  suited 
mainly  for  pastures  to  fertile  general-farming,  fruit-growing,  and 
trucking  soils. 

Oswego  series. — Gray  or  brown  soils,  derived  from  sandstones  and 
shales.  The  lighter  members  of  this  series  are  adapted  to  com,  oats, 
potatoes,  truck,  and  fruit ;  the  heavier  to  these  crops  and  wheat. 

Vernon  series. — Brown  to  red  soils  typical  of  the  Permian  forma- 
tion. Soils  of  this  series  show  a  wide  adaptation  according  to  texture. 
General  farm  crops,  including  cotton,  corn,  wheat,  Kafir  corn,  and 
sorghum  are  the  leading  products.  Small  fruit,  peaches,  and  truck 
are  grown  to  some  extent  and  are  capable  of  marked  extension. 

GREAT   RASIN. 

Bingham  series. — Porous  dark  or  drab  colluvial  and  alluvial  soils 
underlain  by  gravel  or  rock,  occupying  lower  mountain  slopes.  The 
lighter  types  when  irrigable  are  devoted  to  orchard  fruits,  the  heavier 
types  to  alfalfa  and  sugar  beets. 

Jordan  series. — Light  to  dark-colored  lacustrine  deposits.  These 
soils  are  utilized  principally  in  the  production  of  alfalfa,  sugar  beets, 
truck  crops,  and  grains  under  favorable  conditions  for  irrigation  and 
drainage,  but  considerable  areas  covered  by  some  of  the  members  of 
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this  series  are  not  utilized  on  account  of  the  accumulation  of  alkali, 
poor  drainage,  or  because  of  their  drifting  character. 

MoHade  series. — Dark-colored  alluvial  soils  underlain  by  light-col- 
ored sands,  sandy  loams,  or  heavy  reddish  material.  These  soils  are 
devoted  chiefly  to  sugar  beets,  alfalfa,  grain,  and  some  orchard  fruits. 

Redfield  series. — Red  soils  consisting  of  colluvial  and  alluvial  ma- 
teritrts  derived  from  red  sandstones  and  other  rocks.  The  lighter  dkem- 
bers  are  adapted  to  the  production  of  alfalfa,  grain,  and  generaf^SMmi 
crops  when  irrigable  and  well  drained.  The  heavier  members,  a'ferfer 
as  encountered,  are  poorly  drained  and  have  not  been  developed. 

Salt  Lake  series. — Dark-colored  soils  underlain  by  stratified  sedi- 
ments of  lacustrine  origin.  These  spils,  as  far  as  encountered,  occupy 
very  low,  flat  positions  around  the  lake  and  have  not  been  developed 
to  any  extent. 

NORTHWESTERN   INTERMOUNTAIN    REGION. 

Bridger  series. — Dark-colored  soils  with  sticky  yellow  subsoils,  of 
colluvial  and  alluvial  origin.  These  soils  generally  occupy  elevated 
foot  slopes  or  sloping  valley  plains  and  have  not  been  developed  to  n 
great  extent.  They  are  most  extensively  used  for  the  production  of 
grain  and  when  irrigated  are  utilized  in  the  production  of  alfalfa  and 
other  hay  crops  and  under  favorable  climatic  conditions  are  adapted 
to  fruits. 

Gallatin  series. — ^Light  to  dark-colored  soils  with  yellowish  to  dark 
compact  subsoils,  of  recent  alluvial  origin  from  basaltic  and  volcanic 
rocks.  These  soils  generally  occupy  low  positions,  very  frequently 
poorly  drained,  often  subject  to  overflow,  and  have  not  been  exten- 
sively developed  for  agricultural  purposes.  They  are  used  chiefly  for 
grazing  and  to  some  extent  in  the  production  of  hay,  grains,  and  in 
some  sections  for  vegetables. 

Yakima  series. — Ash-gray  to  light-brown  soils  derived  principally 
from  ancient  lake  sediments  consisting  of  an  admixture  of  volcanic 
dust  and  basaltic,  andesitic,  and  granitic  materials.  Certain  members 
of  this  series  have  been  very  successfully  developed  for  hop  culture, 
alfalfa,  grass,  grain,  and  fruit,,  while  other  members  of  the  series, 
owing  to  their  elevated  position  and  general  rough  character,  have 
not  been  developed  at  all. 

ROCKY   MOUNTAIN    VALLEYS,   PLATEAUS,    AND   PLAINS. 

BiUings  series. — Compact  adobelike  gray  to  dark  or  brown  soils 
and  subsoils,  formed  mainly  by  reworking  of  sandstones  and  shales 
and  occupying  old  elevated  stream  terraces.  This  is  an  important 
series  adapted  to  alfalfa  and  general  farm  crops  and  stock  rai.s- 
ing;  also  used  to  a  considerable  extent  in  the  production  of  sugar 
beets. 


BRIEF   DESCRIPTION   OF   SOIL  SERIES.  91 

Colorado  seines, — Light-gray  to  reddish-brown  soils  aud  subsoils, 
derived  from  coUuvial  wash.  Where  irrigable  these  soils  are  im- 
portant soils  in  the  production  of  alfalfa,  sugar  beets,  melons;  and 
to  a  limited  extent,  fruits.  A  number  of  the  soils  of  the  series,  how- 
ever, are  so  situated  as  not  to  be  susceptible  to  irrigation,  and  have  not 
been  developed  for  agricultural  purposes. 

Finney  series. — Brown  to  nearly  black  soils  derived  from  glacial 
material  underlain  by  lighter  colored  subsoils.  The  heavier  soils 
may  be  dry  farmed  to  advantage  and  would  become  very  productive 
with  irrigation.  The  lighter  soils  have  a  broken  surface,  are  porous 
and  easily  drifted  by  the  wind.    They  are  best  adapted  to  grazing. 

Fniita  series. — Reddish-brown  soils,  formed  by  reworking  of  sand- 
stones and  shales,  occurring  as  stream  terraces.  When  well  drained 
and  free  from  alkali  the  members  of  this  series  are  admirably 
adapted  to  the  production  of  choice  fruits,  alfalfa,  sugar  beets,  grains, 
and  truck  crops. 

Laramie  series. — Dark-colored  soils,  with  light-colored  gravelly 
subsoils,  derived  from  colluvial  mountain  wash.  These  soils  have 
not  been  extensively  developed  owing  to  their  elevation,  and  are 
used  principally  for  grazing  purposes. 

Laurel  series. — Light-gray  to  black  soils,  underlain  by  river  sands 
or  gravels,  occurring  in  flood  plains  along  streams.  Tender  favorable 
moisture  conditions  these  are  fertile  soils,  adapted  according  to 
locality  to  corn,  alfalfa,  sugar  beets,  and  truck  crops,  but  the  areas 
are  often  subject  to  overflow,  and  in  some  cases  can  not  be  drained. 

Mesa  series. — Light-gray  to  brown  soils  derived  from  old  flood- 
plain  deposits,  now  elevated  to  fonn  mesa  lands.  Where  these  soils 
have  been  developed  and  are  susceptible  of  irrigation  they  are  used 
mainly  for  alfalfa  and  sugar  beets.  One  member  of  the  series  has 
been  quite  extensively  and  very  successfully  used  for  the  production 
of  apples  and  peaches. 

Morton  series. — Brown  residual  soils,  derived  from  sandstones  and 
shales.  The  soils  lie  in  the  semiarid  region,  and  give  good  yields  of 
wheat,  flax,  oats,  and  potatoes  when  rainfall  is  sufficient. 

San  Luis  series. — Reddish-brown  gravelly  soils,  formed  from 
lacustrine  sediments  of  volcanic  rock  materials.  On  account  of  the 
position  and  the  danger  from  alkali  these  soils  have  not  been  suc- 
cessfully developed,  but  have  been  used  mainly  for  pasturage  and 
forage  crops. 

Wade  seiies. — Brown  to  dark-brown  alluvial  soils,  formed  by 
reworking  of  sandstones  and  shales.  Used  for  oats,  flax,  millet, 
and  wheat. 

ARID    SOUTHWEST. 

Gila  series. — Light  to  dark  brown  soils  of  flood-plain  alluvium 
underlain  at  varying  depths  by  coarse  sands  and  gravels.     Under 
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favorable  irrigation  and  drainage  conditions  the  members  of  the  Oila 
series  are  adapted  chiefly  to  the  production  of  alfalfa,  potatoes,  track, 
and  root  crops. 

Imperial  series, — Light-colored  or  reddish  soils  formed  from  old 
marine  or  lacustrine  sediments  modified  by  more  recent  deposits  and 
underlain  to  great  depths  by  heavy  material.  These  soils  are  par- 
ticularly adapted  to  alfalfa,  sorghum,  and  other  forage  crops. 

India  series, — ^Light-colored  soils  usually  underlain  by  coarser 
sands  and  gravels,  formed  by  colluvial  and  alluvial  wash  from  gra- 
nitic rocks,  mingled  with  some  shale  and  sandstone.  These  soils  are 
adapted  to  fruit,  truck  crops,  sweet  potatoes,  melons,  and  alfalfa 
under  favorable  conditions  of  irrigation  and  drainage. 

PACIFIC  COAST. 

Anderson  series. — Reddish-gray  or  light-red  alluvial  soils  occupy- 
ing principal  valley  plains  and  the  bottoms  of  intermittent  streams. 
Grenerally  gravelly.  The  soils  of  this  series  when  not  too  gravelly 
are  adapted  to  the  production  of  peaches,  pears,  prunes,  and  small 
fruits,  but  are,  in  so  far  as  mapped  at  present,  inextensive  types  of 
secondary  agricultural  importance. 

Fresno  series, — Light-colored  soils  with  light-gray,  ashy  subsoils 
and  alkali-carbonate  hardpan,  derived  frpm  old  alluvial  wash. 
Where  protected  from  alkali  accumulations  these  soils  have  been  very 
successfully  used  for  vineyards  and  raisin  grapes,  and  are  particularly 
adapted  to  almonds,  peaches,  and  apricots. 

Hanford  series, — Recent  alluvium  of  flood  or  delta  plains  derived 
from  a  variety  of  rocks.  The  light-textured  soils  are  light  in  color 
and  the  heavy-textured  soils  are  dark  in  color.  The  lighter  members 
of  the  series  are  adapted  to  the  same  class  of  fruits  and  raisin  grapes 
as  the  Fresno  series.  The  heavier  members  of  this  series,  howeven 
are  better  adapted  to  alfalfa,  sugar  beets,  celery,  asparagus,  and  other 
truck  crops. 

Maricopa  series, — Loose,  dark-colored  soils  derived  from  unas- 
sorted colluvial  or  partially  assorted  alluvial  materials,  generally 
derived  from  granitic  or  volcanic  rocks.  There  are  two  heavy  mem- 
bers of  this  series  upon  which  alfalfa,  grain,  and  sugar  beets  are 
important  crops.  The  lighter  members,  when  occupying  positions  so 
that  they  can  be  irrigated,  are  adapted  to  citrus  and  deciduous  fruits ; 
also  vines. 

Oxnard  series, — Dark-colored  alluvial  or  colluvial  soils  derived 
from  higher  lying  areas  of  sandstones  and  shales.  Members  of  this 
series  are  used  to  a  very  large  extent  for  sugar  beets  and  lima  beans, 
and,  where  irrigation  is  not  practicable,  extensively  used  for  grain. 

Plarentia  series. — Reddish  soils  derived  largely  from  the  weather- 
ing of  alluvial  and  colluvial  deposits,  generally  underlain  by  heavy 
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compact  red  material  with  an  impervious  adobe  structure.  Large 
areas  of  these  soils  are  devoted  to  dry  farming  of  grain  and  occur 
throughout  southern  California  and  in  some  of  the  coastal  valleys, 
viz,  Bakersfield,  Salinas,  and  San  Jose.  There  are  extensive  areas 
under  irrigation,  which  are  valuable  for  producing  both  deciduous 
and  citrus  fruits.  The  heavier  members  of  this  series  have  been  more 
successfully  used  for  grain  production  in  southern  California.  They 
seem  particularly  well  adapted  to  English  walnuts  and  olives.  The 
soils  are  usually  well  drained.  The  English  walnut  does  not  thrive 
on  poorly  drained  soils. 

Redding  series. — Ancient  alluvial  valley  deposits  of  red  and  deep- 
red  color,  generally  gravelly.  Heavy  red  subsoils  with  hardpan. 
The  soils  of  this  series  when  not  carrying  an  excess  of  cobbles  or 
underlain  at  shallow  depths  by  hardpan  are  excellently  adapted  to 
the  production  of  choice  peaches  and  small  fruits. 

Sacramento  series. — Gray  alluvial  soils  consisting  of  recent  stream 
sediments.  The  lighter  members  of  this  series  are  used  mainly  for 
the  production  of  prunes,  pears,  and  peaches.  The  members  of  the 
series  having  a  medium  texture  are  adapted  to  sugar  beets,  alfalfa, 
and  prunes.  The  heavier  members  are  at  present  poorly  drained  and 
have  not  been  highly  developed,  being  used  mostly  for  grain  and 
grazing. 

Salem  series. — Residual,  alluvial,  or  colluvial  soils,  either  red  or 
dark  in  color,  derived  from  rocks  of  basaltic,  schistose,  crystalline, 
or  arenaceous  character.  These  soils,  so  far  as  they  have  been 
encountered,  seem  particularly  adapted  to  hops,  potatoes,  and  have 
been  used  to  some  extent  for  apples,  peaches,  and  grain.  They  have 
not  been  very  highly  developed  in  the  areas  in  which  they  have  been 
encountered. 

San  Joaquin  series, — Compact  red  soils  and  subsoils  derived  from 
old  marine  sediments,  usually  underlain  by  red  hardpan.  These  soils 
have  been  used  almost  exclusively  for  dry  farming  to  grain  on 
account  of  the  general  occurrence  of  hardpan  and  very  stiff  and 
impervious  subsoils.  Recently  in  the  Sacramento  area  some  members 
of  this  series  have  been  very  successfully  used  for  the  production  of 
the  Tokay  grape  and  strawberries. 

Sierra  series. — ^Light-gray  to  red  and  frequently  gravelly  soils, 
often  underlain  bv  red  adobe.  Members  of  this  series  constitute 
some  of  the  most  valuable  deciduous  fruit  soils  of  the  foothills  in 
northern  California. 

Sites  series. — Residual  and  colluvial  soils  of  reddish-gi-ay  or 
dapk-brown  color,  derived  from  sandstones,  shales,  conglomerates, 
and  volcanic  or  altered  material  occupying  low  rolling  foothills  and 
their  valley  slopes,  usually  underlain  at  shallow  depths  by  sand- 
stones, congomerates,  or  heavy  subsoils.    The  Sites  loam  and  clay 
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loam  adobe  are  the  important  soils  of  this  series  and  are  productive, 
but  owing  to  their  position  are  generally  unirrigable  and  adapted  to 
dry  farming  to  grains. 

Stockton  series. — Brown  to  black  soils  with  hea\'y  yellow  subsoils, 
derived  from  old  alluvial  sediments.  These  soils  have  been  used 
principally  for  the  production  of  grain.  The  lighter  members  of 
this  series  have  been  adapted  to  fruit. 

Willows  series, — Brown  soils  consisting  of  wash  deposited  by  inter- 
mittent foothill  streams.  These  soils  have  been  used  almost  exclu- 
sively for  dry  farming  grain  crops.  Large  ranches  are  being  broken 
up  and  brought  under  irrigation,  and  alfalfa  and  sugar  beets  are 
likely  to  prove  the  most  important  crops. 

Area  of  the  soil  series  and  the  combined  area  ofjthe  miscellaneous  saUs  of  each  of  the 

provinces. 


Province  and  scries. 


Acres. 


Atlantic  and  Gulf  Coastal  Plains: 

Norfolk  series 

Orangeburg  series 

Houston  series 

Portsmouth  series 

Busquehanna  series 

Lnfkin  series 

Sassafras  series 

Guin  series 

Elkton  series 

Webb  series 

Wilson  series 

Myatt  Hcries 

Gadsden  Heries 

Oktibbeha  series 

Montrose  series 

Bastrop  series 

Laredo  series 

Crockett  series 

Wickfaam  series 

Miscellaneous  soils 


9,612,882 

3,486,464 

2,326,016 

1,729,160 

1,495,990 

1,375.808 

497,344 

455, 104 

184,852 

184, 512 

175,040 

86,912 

78, 628 

72,448 

64,768 

58, 432 

55,040 

29.504 

17,664 

3, 6*7, 198 


Total  for  province 25, 618, 666 


River  flood  plains: 

Wabash  series 

Waverly  series 

Miller  series 

Huntington  series . 
Ocklocknee  series. . 
Congaree  series .... 

Wheeling  series 

Miscellaneous  soils 


1,861.497 
882, 240 
595, 904 
258. 49<'. 
236, 416 
183, 232 
20.032 

4,023,430 


Total  for  province 8, 061, 247 


Piedmont  Plateau: 

Cecil  series 

Penn  series 

Chester  scries 

Miscellaneous  soils. 


Total  for  province 


5,191,746 
?26.364 
692, 698 
(160.990 

7,271,798 

Appalachian    mountains  and   pla- 
teau: 

Dekalb  series 

Porters  series 

Fayett€vllle  series 

Upshur  series 

Miscellaneous  soils 


2,864,320 

1,664,528 

179,968 

163,904    I 

1,494,289 


Total  for  province 6. 367. 009 


Limestone  valleys  and  uplands: 

('lark.svilie  series 

Hogerstown  series 


8.623,322 
1,889,884 


Province  and  series. 


Limestonevalleys  and  uplands-^Con- 
tinued. 

Decatur  series 

Cumberland  series , 

Miscellaneous  soils 


Acres. 


Total  for  province 

Glacial  and  Ibessial: 

Marshall  series , . 

Miami  series 

Volusia  series 

■Miscellaneous  soils. . 


Total  for  province 


Glacial  lake  and  river  terraces: 

(/lyde  series 

Dunkirk  series 

Fargo  series 

Merrimac  series 

Sioux  series 

Superior  series 

Vergennes  series 

Hudson  series 

Miscellaneous  soils 


Total  for  province 


Residual  soils  of  the  western  prairie 
region: 

Vernon  series 

Crawford  series 

Oswego  series 

Miscellaneous  soils 


Total  for  province 

Great  Basin: 

Jordan  series 

Bingham  scries 

Salt  Lake  series 

Rediield  series 

Malade  series 

Miscellaneous  soils. . 


190,464 

09,876 

279,880 


6.052,926 


8,057,686 
7,422,760 
1,067,.'>70 
6,879.816 


22,417.832 


1.211,832 
880,592 
688,208 
606,660 
423.610 
229,184 
169,406 
22, 144 

1.010,744 


5,091,882 


643,296 
541.524 
488,141 
252,889 


1,825.850 


849.216 
206.434 
162,784 
104,724 
36,096 
146,396 


Total  forprovince 1,005,600 


Northwestern  intermountain  region: 

Yakima  series 

Gallatin  .series 

Bridger  series i 

Miscellaneoas  soils 


628,182 

400.808 

62,016 

364,422 


Total  for  province ,      1, 455, 428 
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Area  of  the  soil  series  and  the  combined  area  of  the  miscellaneous  soUs  of  each 

of  the  provinces — GontlDued. 


Province  and  series. 

Acres. 

Province  and  series. 

Acres. 

Rocky  Monntain  valleys  and  plains:  • 
Colorado  series 

722,240 

464,640 

363,584 

348,010 

173.120 

106, 4?2 

60,672  , 

59,136 

57,792 

4,480 

585,664 

Pacific  coast  province: 

Hanford  series 

622,821 
585,848 
680,756 
518, 431 

Morton  series 

Maricopa  series 

Liaarel  series 

San  Joaquin  series 

San  Luis  series 

Placentia  series 

Billings  series 

Oxnard  series 

887,462 
804,406 
247,081 

Laramie  series 

FresDo series 

Finney  series 

Sierra  series 

Mesa  series 

Willows  series 

227,072 
181,824 
178,824 

Wade  series 

Salem  series 

Fniita  series 

SftCTRmei) to  series x^  a 

Miscellaneous  solla 

Stockton  series 

168,858 
71,488 
38.386 

Reddlnsr  aeries 

Total  for  province 

2,989.840 

Sites  series 

Anf]^rar>n  M^rlMi 

18,048 
578,680 

Arid  southwest  province: 
ImDerial  series.  .... 

516,416 
208,875 
171,904 
233,960 

Miscellaneous  soils 

Total  for  province 

Gila  series 

4,598,881 

Indlo  series .... 

Total  for  United  States 

Miscellaneous  soils  ...,.* 

98,828,114 

•    Total  for  province 

1,181,155 

GENERAL.  CHARACTER  OF  THE  SOIL  PROVINCES  AND  SOIL  SERIES,  AND  THE 
RELATIVE  VALUE  OF  THE  DIFFERENT  SOIL  TYPES. 

ATLANTIC  AND  GULF   COASTAL  PLAINS. 

The  Atlantic  and  Gulf  Coastal  Plains  together  constitute  one  of  the 
most  important  physiographic  divisions  of  the  United  States.  The 
Atlantic  Coastal  Plain  extends  from  the  New  England  States  south- 
ward to  the  Florida  Peninsula,  where  the  Gulf  Coastal  Plain  begins, 
and  extends  thence  westward  to  the  Mexican  boundary  line:  It  is, 
however,  discontinuous,  being  interrupted  by  the  alluvial  bottoms  of 
the  Mississippi  River.  From  the  coast  the  Atlantic  Plain  extends  in- 
land to  the  margin  of  the  Piedmont  Plateau — tha;t  is,  to  a  line  pass- 
ing through  Trenton,  Baltimore,  Washington,  Richmond,  Raleigh, 
Columbia,  Augusta,  and  Macon.  In  its  northern  extension  it  is  rep- 
resented by  a  narrow  belt,  but  widens  in  New  Jersey  and  attains  its 
maximum  breadth  of  about  200  miles  in  North  Carolina.  The  Gulf 
Plain  extends  up  the  Mississippi  to  the  mouth  of  the  Ohio,  its  inner 
boundary  line  passing  through  or  near  Montgomery,  luka,  Cairo, 
Little  Rock,  Texarkana,  Austin,  and  San  Antonio. 

The  surface  is  that  of  a  more  or  less  dissected  plain  marked  by  few 
hills,  slightly  terraced  with  bluffs  along  streams.  The  inner  margin 
of  the  Coastal  Plain  is  usually  from  200  to  300  feet  above  tidewater, 
but  sometimes  rises  to  500  feet.  The  drainage  here  is  usually  well 
established  and  the  surface  is  rolling  to  hilly,  and  consequently  carved 
and  eroded.  There  is  a  wide  belt  bordering  the  coast  where  the  ele- 
vations are  mostly  under  100  feet.  North  of  the  James  River,  where 
the  Coastal  Plain  is  narrow  and  deeply  indented  with  tidal  estuaries, 
drainage  is  usually  well  established  and  the  surface  is  rolling,  but  in 
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the  broad  southern  extension,  where  the  seaward  slope  is  hardly  more 
than  1  foot  to  the  mile,  drainage  is  apt  to  be  deficient.  Here  rain 
water  often  remains  upon  the  surface  for  a  considerable  time,  al- 
though the  conditions  are  not  comparable  with  those  of  a  true  swamp. 
The  soils  in  this  level  section,  while  composed  largely  of  sand,  are 
compact,  usually  deficient  in  organic  matter,  and  not  very  productive. 
Many  of  the  flat  interstream  areas  possess  such  poor  drainage  that 
true  swamps,  such  as  the  Dismal  and  Okefenokee,  have  been  formed. 
Near  the  coast  and  along  the  tidal  estuaries  extensive  marshes,  sep- 
arated from  the  ocean  by  sand  barriers,  are  found. 

The  Coastal  Plain  is  made  up  of  unconsolidated  gravels,  sands,  and 
sandy  clays,  with  less  frequent  beds  of  silts  and  heavy  clays.  The 
deposits  on  the  Atlantic  coast  have  been  derived  mainly  from  the 
erosion  of  the  Piedmont  Plateau  and  other  inland  areas,  while  the 
deposits  on  the  Gulf  coast  have  been  denved  mainly  from  trans- 
ported glacial  material  and  from  western  plains.  The  materials  have 
been  transported  and  deposited  beneath  the  sea  and  subsequently  ex- 
posed by  the  uplift  of  the  ocean  floor.  In  the  more  northern  parts  of 
the  Coastal  Plain,  and  even  as  far  south  as  Virginia,  the  character  of 
the  deposits  has  been  modified  by  glacial  action  and  the  flooded  con- 
dition of  the  streams  resulting  from  the  melting  of  the  ice. 

The  Coastal  Plain  deposits  range  in  age  fix)m  Cretaceous  to  Recent^ 
Although  extensive  areas  of  the  older  sediment  are  exposed  at  the 
surface  to  form  soils,  still  by  far  the  greater  part  of  the  materials  is 
Quartemary  or  Recent  in  age. 

The  soils  are  for  the  most  part  composed  of  sands  and  light  sandy 

loams,  with  occasional  deposits  of  silts  and  heavy  clays.    The  heavy 

clays  are  found  principally  near  the  inner  margin  of  the  Coastal 

Plain.    The  silts,  silty  clays,  and  black  calcareous  soils,  upon  which 

the  rice  and  sugar  cane  industries  of  southern  Louisiana  and  Texas 

are  being  so  extensively  developed,  have  no  equivalents  in  the  Atlantic 

division. 

The  aggregate  area  of  all  the  soils  surveyed  in  this  province  is 
25,613,666  acres. 

Bastrop  series. 

The  Bastrop  series  represents  old  alluvial  material  brought  down 
by  streams  from  the  Permian  Red  Beds  and  deposited  as  terraces 
now  almost  entirely  above  overflow.  The  soils  are  brown  with 
reddish-brown  to  red  subsoils  and  constitute  very  fine  farming  lands. 

The  Bastrop  silt  loam  is  devoted  to  cotton  and  com.  Alfalfa  can 
be  successfully  grown.  Melons  and  potatoes  do  well.  Some  of  the 
type  is  overflow  land  and  is  very  productive.  The  sandy  loam  is  a 
light  river-bottom  soil  suited  to  truck  and  melons,  although  cotton 
and  corn  are  extensively  grown.  The  soil  needs  fertilization  with 
green  manure.  It  has  good  drainage.  The  clay  is  a  strong,  heavy 
soil,  sometimes  subject  to  overflow,  and  requiring  care  in  cultivation. 
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It  is  especially  adapted  to  corn,  yielding  large  crops,  and  does  well 
also  with  cotton.  The  fine  sandy  loam  in  Bastrop  and  Wilson  coun- 
ties, Tex.,  is  a  very  productive  soil  adapted  to  a  wide  range  of  crops. 
It  suffers  to  some  extent  from  drought,  but  with  careful  management 
to  preserve  soil  moisture  it  would  be  a  very  valuable  trucking  soil. 
If  irrigated,  the  highest  possibilities  of  agricultural  development 
could  be  attained.  Cotton,  com,  and  sorghum  give  large  yields. 
Oats  make  a  thrifty  growth,  and  alfalfa,  grown  to  some  extent,  gives 
good  returns.  Pecans  are  indigenous  and  could  be  grown  on  a  com- 
mercial basis  in  the  river  bottoms.  Melons,  potatoes,  peanuts,  and 
vegetables  are  grown  and  do  exceptionally  well.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Bastrop  series. 


Soil  name. 


Bastrop  sandy  loam 

fine  sandy  loam. 

silt  loam 

clay 


Total. 


State  in  which  each  type  has  been  found. 


Total 
area. 


Aeret. 

Texas 7,680 

do 82.830 

do ,       06,080 

do f. 12,862 


68,432 


°  Of  this  amount  1,216  acres  In  the  Austin  area  mapped  as  Yazoo  sandy  loam. 
Crockett  series. 

The  Crockett  series  occurs  as  isolated  prairies  in  the  timbered  part 
of  Texas.  The  soil  is  gray  to  dark  gray  and  sometimes  almost  black 
in  color,  while  the  subsoil  is  mottled  red,  gray,  and  black,  the  red 
mottling  being  the  distinguishing  characteristic.  This  series  may  be 
considered  as  representing  a  gradation  from  the  Houston  series,  or 
black  prairie  soils,  to  the  mottled  red  clays  of  the  Susquehanna  series. 

Soils  of  the  Crockett  series,  being  derived  from  slightly  calcareous 
materials,  are  productive.  The  clay  loam,  the  most  extensive  type, 
produces  yields  of  cotton  above  the  average  and  is  successfully  used 
for  other  general  farming  crops.  The  loam  and  fine  sandy  loam  pro- 
duce fair  yields  of  cotton  and  corn.  The  gravelly  loam  is  one  of  the 
earliest  soils  in  the  region  in  which  it  occurs  and  is  adapted  to  early 
vegetables  and  trucking.  The  acreage  of  the  types  so  far  encoun- 
tered is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Crockett  scries. 


Soil  name. 


State  in  which  each  type  has  been  found. 


Total 
area. 


Crockett  gravelly  loam ,  Texas 

nne  sandy  loam do 

loam do 

clay  loam do 


Acra. 

8,006 

4,416 

640 

21,440 


Total 29,504 
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Elkton  series. 

The  Elkton  series  consists  of  light-gray  to  white  surface  soils  with 
mottled  whitish-gray  and  yellow  subsoils.  Gravel  or  coarse  sand  is 
usually  found  at  a  depth  of  2^  to  3  feet  below  the  surface,  and  is  usu- 
ally saturated  with  water.  This  series  is  closely  associated  with  the 
Sassafras,  and  the  difference  is  due  to  the  intermittent  wetting  and 
drying  to  which  the  Elkton  soils  have  been  subjected,  causing  them  to 
become  very  much  lighter  in  color  and  much  lower  in  agricultural 
value. 

The  silt  loam  is  much  more  extensively  developed  than  the  other 
members  of  this  series.  It  produces  good  wheat  and  grass,  but  poor 
average  crops  of  tomatoes  and  com.  The  soil  is  much  benefited  by 
turning  under  green  manures  and  by  liming.  It  should  be  devoted 
principally  to  growing  grass  and  forage  crops  in  connection  with 
stock  raising. 

The  other  members  of  the  series  are  usually  in  need  of  drainage, 
and  this  as  well  as  liming  must  be  resorted  to  before  the  best  results 
can  be  secured.  They  are  best  suited  to  grass  and  forage  crops.  The 
acreage  of  the  different  types  so  far  encountered  is  as  follows : 

Area  and  distrilmtion  of  the  soil8  of  the  Elkton  series. 


Soil  name. 


Elkton  sandy  loam 

fine  sandy  loam. 

loam 

siltloama 


Total 


States  in  which  each  type  has  been  found. 


Maryland 

VliKinla 

Maryland 

Delaware,  Maryland,  New  Jersey,  Pennsylvania. 


Total 
area. 


Acrrs. 

9,280 

14,666 

2,624 

156,292 


184,882 


"  Mapi)ed  in  the  Chester  County  area,  Pennsylvania,  as  the  Portsmouth  silt  loam. 

Gadsden  series. 

The  Gadsden  series  includes  dark-gray  soils  found  upon  gentle 
slopes  or  undulations  adjacent  to  streams  and  upon  level  or  depressed 
areas  in  the  uplands.  Their  formation  is  due  largely  to  the  peculiar 
topographic  conditions  resulting  from  the  sinking  of  the  limestones 
which  underlie,  in  some  of  the  areas,  the  materials  from  which  the 
Norfolk  and  Orangeburg  soils  have  been  derived.  They  may  be 
considered  as  colluvial  soils  formed  by  the  creeping  or  washing  of 
material  from  higher  lying  areas.  The  series  is  very  incomplete, 
only  the  sand,  sandy  loam,  and  loam  members  having  been  encoun- 
tered. 

The  Gadsden  series  is  of  minor  importance  as  compared  with  the 
more  extensive  Norfolk,  Orangeburg,  and  Lufkin  soils,  but  constitutes 
valuable  farming  lands.  The  sand,  which  is  the  most  extensive  type, 
is  very  productive,  and  of  special  u.se  in  the  growing  of  Florida 
Sumatra  wrapper  tobacco.    The  sandy  loam,  of  limited  extent,  like- 
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wise  produces  a  fine  grade  wrapper  and  is  good  for  cotton  and  corn. 
Sugar  cane  does  well  on  the  lower  lying  areas.  The  loam  member,  a 
well-drained,  productive  soil,  is  adapted  to  cotton,  com,  and  forage 
crops.  Indicated  adaptations  are  truck  and  tree  fruits.  The  acreage 
of  the  different  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  aoHa  of  the  Oadsden  aeries. 


Soil  name. 


States  in  which  each  type  has  been  foand.      f^f 


Oadsden  sand 

eandyloam. 
loam 


Total. 


Florida,  GeoivlA- 

Florida 

MiflBtaBippi 


Acres. 
67,S44 
6,692 
14,d92 

78,628 


Gain  series. 

The  Guin  series  consists  of  gray  soils  with  brown  to  yellowish-red 
subsoils.  This  series  is  closely  related  to  the  Orangeburg  and  the 
Norfolk  series  and  in  position  and  characteristics  is  intermediate 
between  the  two.  It  is  derived  from  unconsolidated  deposits,  princi- 
pally of  the  Lafayette  formation,  and  is  found  near  the  inner  border 
of  the  Coastal  Plain  in  northeastern  Mississippi  and  northwestern 
Alabama.  The  generally  broken  and  hilly  character  of  the  surface 
renders  it  of  low  value  for  general  agriculture. 

The  soils  of  the  Guin  series  are  still  largely  in  forest  and  have  been 
improved  very  little.  Cultivated  areas  produce  moderate  yields  of 
com  and  cotton.  It  is  thought  that  these  soils  would  make  good  land 
for  peach  culture.  The  acreage  of  the  different  types  so  far  encoun- 
tered is  shown  in  the  following  table : 

Area  and  distribution  of  the  soils  of  the  Guin  series. 


Soil  name. 


Ouin  stony  sandy  loam . . . 
navelly  sandy  loam 
fine  sandy  loam 


Total. 


States  in  which  each  type  has  been  found. 

m 


Alabama 

do 

Alabama,  Mlasissippi 


Total 
area. 


Acres. 
28,032 
69,066 

868,016 


466,104 


Houston  series. 

The  Houston  series  occurs  principally  in  the  black,  calcareous 
prairie  regions  of  Alabama,  Mississippi,  and  Texaa  The  soils  are 
characterized  by  a  large  percentage  of  lime,  especially  in  the  subsoil, 
which  in  some  of  the  types  consists  of  white,  chalky  limestone.  The 
series  has  been  derived  from  the  weathering  of  calcareous  clays, 
chalk  beds,  and  "  rotten  "  limestones,  all  of  late  Cretaceous  age.  In 
some  localities  remnants  of  later  sandy  and  gravelly  deposits  have 
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been  mingled  with  the  calcareous  material,  giving  rise  to  the  grav- 
elly and  loam  members  of  the  series. 

The  soils  of  the  Houston  series  constitute  the  fertile  black  prairies 
of  the  Gulf  States,  and  are  not  found  east  of  Alabama.  They  are 
without  question  the  most  productive  upland  soils  of  the  Gulf  Coastal 
Plain,  a  fact  mainly  due  to  their  calcareous  nature.  The  Houston 
black  clay,  locally  known  as  "  black  waxy  land,"  is  the  most  exten- 
sively developed  soil  of  the  series.  In  the  sections  where  it  occurs 
it  is  the  best  cotton  soil.  In  the  past  it  has  been  used  chiefly  in  the 
production  of  this  crop,  but,  being  well  adapted  to  alfalfa,  in  recent 
years  the  acreage  in  this  legume  has  steadily  increased.  In  its  virgin 
state  it  supported  a  heavy  growth  of  native  prairie  grasses  and  in 
some  sections  hay  and  pasturage  are  still  its  important  products. 
The  Houston  clay,  while  not  as  valuable  land  as  the  black  clay,  has 
a  special  adaptation  for  alfalfa,  and  produces  good  yields  of  cotton 
and  the  other  staple  crops.  In  the  vicinity  of  San  Antonio,  Tex., 
there  is  associated  with  the  Houston  black  clay  a  black  clay  loam 
soil  that  is  good  cotton,  com,  and  sorghum  land,  and  which,  under 
irrigation,  could  be  profitably  used  for  some  truck  crops.  This  type, 
so  far  as  the  soil  survey  has  shown,  is  one  of  comparatively  limited 
occurrence.  The  Houston  loam,  on  the  contrary,  has  been  mapped 
in  a  number  of  areas  and  though  not  as  highly  esteemed  as  the  heavier 
members  of  the  series  is  considered  a  good  soil  for  cotton,  com,  and 
sorghum.  Being  lighter  textured,  it  is  less  plastic  and  sticky  and 
may  be  worked  under  a  wider  range  of  moisture  conditions.  The 
gravelly  member  of  the  series  lies  in  a  semiarid  country  and  is  too 
high  for  irrigation.  Little  of  it  is  under  cultivation,  and  its  princi- 
pal value  is  as  pasture.  The  Houston  chalk  represents  areas  where 
erosion  has  exposed  the  Selma  chalk,  which  gives  rise  to  the  Houston 
series.  Areas  mapped  as  this  last-mentioned  type  are  of  little  present 
agricultural  use,  though  by  judicious  handling  they  may  be  improved 
and  can  then  be  utilized  for  the  crops  mentioned  as  doing  well  on  the 
more  important  soils  of  the  series.  The  acreage  of  the  different 
types  so  far  as  mapped  is  shown  in  the  following  table : 

Area  and  distribution  of  the  soils  of  the  Houston  series. 


Soil  name. 


Houston 


clay, 
oama 
black  clay  loam. 

black  clay  & 

clay© 

chalk 


Total 


States  in  which  each  type  has  been  found. 


Total  area. 


Texas 

Oklahoma,  Texas 

Texas 

Alabama,  Oklahoma,  Texas 

Alabama,  Kanso-s.  LouiHiana,  Mii«iasippi,  Texas.. 
Mississippi 


Aerea. 

148,  ae 

239,296 

54,272 

1,265,804 

610,664 

8,064 

2,326,016 


<^  The  soils  mapped  as  Houston  silt  loam  and  Houston  clay  in  the  Paris  area,  Texas,  are 
Houston  loam. 

*  The  soil  mapped  as  Houston  clay  In  the  Anderson  County  area,  Texas,  is  Houston  black 
clay. 

«  The  soil  mapped  as  Houston  black  clay  in  Macon  County  area,  Alabama,  is  the  Houston 
clay. 
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Laredo  series. 

The  Laredo  series  consists  of  gray  to  light-brown  calcareous  soils 
with  gray  calcareous  subsoils.  They  occur  as  a  terrace  along  -streams 
in  south  Texas  and  also  constitute  the  principal  soils  of  the  Rio 
Grande  delta  above  overflow.  They  are  made  up  largely  of  material 
which  has  been  brought  down  from  the  calcareous  and  more  arid 
parts  of  the  State.  They  are  seldom  or  never  overflowed,  and  con- 
stitute very  valuable  farming  lands  when  irrigated. 

Laredo  silty  clay  loam,  mapped  in  Brownsville  area,  Texas,  is  a 
very  productive  soil  and  well  adapted  to  growing  early  vegetables. 
Profitable  yields  of  corn,  cotton,  and  sugar  cane  are  obtained.  Fair 
yields  of  both  cotton  and  corn  are  often  secured  in  a  favorable  season 
without  irrigation.  Lettuce,  melons,  cauliflower,  beets,  peas,  cab- 
bage, onions,  eggplant,  cucumbers,  tomatoes,  carrots,  and  both  sweet 
and  Irish  potatoes  are  all  profitably  grown  under  irrigation.  Cab- 
bage is  the  principal  crop  and  the  average  yield  is  about  18,000  pounds 
per  acre ;  the  average  yield  of  onions  is  about  the  same.  Irish  pota- 
toes yield  from  60  to  70  bushels  and  sugar  cane  25  to  30  tons  per 
acre.  The  clay  loam,  also  recognized  in  the  Laredo  area,  Texas,  is 
well  adapted  to  the  production  of  onions,  giving  an  average  yield 
of  about  20,000  pounds  per  acre.  Alfalfa  has  been  grown  under  irri- 
gation, though  the  stand  continues  good  for  only  one  year.  Cabbage, 
beets,  and  Irish  potatoes  do  well.  Sorghum,  cowpeas,  and  sweet  po- 
tatoes give  good  returns.  The  Laredo  silty  clay  is  found  in  the 
Brownsville  area,  Texas.  Some  alkali  areas  are  found  in  this  soil, 
but  yield  readily  to  treatment.  When  well  drained  and  put  under 
irrigation  good  yields  of  corn,  cotton,  sugar  cane,  lettuce,  cauliflower, 
tomatoes,  beans,  peas,  cabbage,  and  other  vegetables  are  produced. 
The  silt  loam  has  been  mapped  so  far  only  in  the  Laredo  and  Browns- 
ville areas,  Texas.  This  type  of  soil  gives  the  best  returns  under 
irrigation.  It  is  well  adapted  to  onions,  which  give  an  average  yield 
of  18,000  to  20,000  pounds  per  acre.  Cotton  has  been  grown  under 
irrigation  and  where  irrigated  sweet  potatoes  produce  150  to  200 
bushels  per  acre.  Some  corn  has  been  grown  on  the  irrigated  land, 
as  have  cabbages,  beets,  turnips,  and  Irish  potatoes.  Cabbage  yields 
about  13,000  pounds  to  the  acre.  Cowpeas  do  well  on  both  the  unir- 
rigated  and  irrigated  soils. 

,  The  clay  is  covered  by  a  dense  growth  of  mesquite  and  other  native 
vegetation.  It  is  a  productive  soil  and  free  from  alkali  accumula- 
tions. It  was  recognized  in  the  Laredo  area,  Texas,  where  it  is  util- 
ized exclusively  as  pasture  land  for  stock.  If  irrigated  it  would 
produce  many  varieties  of  early  vegetables.  In  the  Brownsville  area 
it  is  used  for  producing  rice,  which  gives  a  return  of  12  sacks;  cotton, 
which  averages  1  bale;  and  corn,  about  30  bushels  per  acre.    Beans, 
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peas,  cauliflower,  cabbage,  tomatoes,  lettuce,  cowpeas,  Irish  potatoes, 
and  some  celery  have  been  produced  on  this  soil.  The  acreage  of  the 
different  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soih  of  the  Laredo  series. 


Boil  name. 


lAredo  silt  loam 

clay  loam 

Bilty  clay  loam. 

alltyclay 

clay 


Total. 


States  in  which  each  type  has  been  found. 


Texas 

do 

do 

do 

do 


Total 
area. 


16,768 
704 

83,216 

448 

3,904 


55,040 


Lufkin  series. 

The  Lufkin  series  is  characterized  by  gray  surface  soils  and  heavy, 
very  impervious,  plastic  gray  and  mottled  subsoils.  The  difference 
between  the  texture  of  the  surface  sqil  and  that  of  the  subsoil  is  very 
marked,  especially  in  the  sandy  loam  members. 

A  large  part  of  the  area  of  the  Lufkin  series  of  soils  is  still  covered 
with  forest,  and  from  the  character  of  growth  the  land  is  known  as 
"  swamp  "  or  "  post-oak  "  land. 

These  soils  in  most  of  the  areas  so  far  surveyed  are  generally  lower 
in  agricultural  value  than  the  Norfolk  and  Orangeburg  soils,  but  in 
some  parts  of  Texas  the  sandy  loam  forms  the  principal  agricultural 
soil,  and,  without  fertilization,  produces  yields  of  cotton  that  are  even 
better  than  those  secured  on  the  Norfolk  soils.  The  sandy  loam  is  also 
adapted  to  potatoes,  cucumbers,  and  other  truck.  Lavaca  County, 
Tex.,  is  the  only  area  surveyed  in  which  the  Lufkin  sand  has  been 
found.  This  soil  is  a  deep  sandy  type,  with  a  tendency  to  drought,  and 
is  generally  poor,  but  has  a  special  use  in  the  production  of  sweet  po- 
tatoes, and  offers  opportunity  for  the  development  of  the  early  truck- 
ing industry.  The  fine  sand  is  used  for  cotton  and  com.  It  is  better 
adapted  to  truck  crops  and  to  peaches.  Cotton  and  corn,  perhaps,  do 
better  on  the  fine  sandy  loam,  though  this  soil  will  be  found  to  be 
suited  to  other  crops,  among  which  should  be  included  certain  kinds 
of  truck  and  fruit.  Nearly  400,000  acres  of  the  clay  has  been  mapped, 
this  being  the  most  extensive  soil  of  the  series.  While  a  difficult  soil 
to  handle,  it  has  been  made  to  produce  as  high  as  1  bale  of  cotton  to 
the  acre.  Grass  also  does  well  and  it  offers  opportunities  for  stock 
raising.  The  loam  is  unimportant  in  extent,  but  is  a  good  soil,  as  in- 
dicated by  the  yields  of  corn  and  cotton.  It  is  adapted  also  to  truck 
crops  and  strawberries.  The  acreage  of  the  types,  so  far  encoimtered, 
is  shown  in  the  table  on  the  following  page. 
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Area  and  distribution  of  the  soils  of  the  Lufkin  series. 


Soil  nam^. 


Lufkin  gravelly  loam . . . . 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam  a. 

loam 

silt  loam 

day* 


Total 


States  in  which  each  type  has  been  found. 


Texas 

do 

do 

do 

do 

do 

Mississippi 

Alabama,  Louisiana,  Mississippi,  Texas 


Total  area. 


Acret. 

58,112 

68,966 

229,568 

862,944 

226,752 

6.876 

56,806 

873,812 


1,875,808 


"The  area  mapped  as  Lufkin  fine  sandy  loam  in  the  Austin  area,  Texas,  is  the  Susque- 
hanna fine  sandy  loam. 

*The  area  mapped  in  Macon  County,  Ala.,  is  the  Susquehanna  clay. 

Montrose  series. 

The  Montrose  series  so  far  as  encountered  occurs  in  the  south- 
central  part  of  Mississippi  and  extends  into  Alabama.  The  surface 
soils  are  gray  and  are  underlain  by  heavy  plastic  yellow  subsoils.  The 
region  where  this  occurs  is  locally  known  as  "  flatwoods  "  or  "  hog- 
wallow  prairie."  The  area  so  far  as  seen  is  thickly  timbered  with  post 
and  scrub  oaks  and  pine.  The  soils  are  derived  from  a  deposit  of 
heavy  clay  immediately  overlying  a  soft  chalky  limestone. 

Cotton  is  the  principal  crop  on  the  sandy  loam  and  yields  from 
one- third  to  one-half  bale  per  acre.  Some  corn  is  also  produced,  but 
after  the  first  two  crops  the  yields  are  low.  Vegetables  will  do  fairly 
well  on  this  type,  but  it  is  not  adapted  to  fruit.  The  type  is  valued 
at  present  for  timber,  which  covers  practically  all  of  it.  Frequently 
the  drainage  is  inadequate,  particularly  on  narrow  strips  near  streams. 
On  the  better  drained  areas  are  found  good  growths  of  longleaf  pine 
and  some  oak. 

The  Montrose  clay  is  not  a  productive  soil.  It  will  produce  one  or 
two  crops  of  corn,  but  the  yield  quickly  declines.  The  soil  is  acid 
and  much  of  it  would  need  to  be  thoroughly  drained  before  it  could 
be  brought  under  cultivation.  The  type  was  recognized  in  Jasper 
County,  Miss.,  but  such  a  small  area  was  cultivated  that  no  particular 
adaptation  or  yield  can  be  given.  The  timber  growth  consists  of 
scrawny  post  oak  and  black-jack  oak,  some  other  species  of  oak,  and 
some  shortleaf  pine.  The  acreage  of  the  types  so  far  encountered  is 
as  follows: 

Area  and  distribution  of  the  soils  of  the  Montronr  .scries. 


Soil  name. 


States  in  which  each  type  has  been 
found. 


Montrose  sandy  loam 
clay 

Total 


Total 
area. 


Acrei. 
20,928 
48,840 

64,708 
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Myatt  series. 

The  Myatt  series  occurs  in  seepy  places  around  the  heads  of  streams 
or  in  intermediate  position  between  bottom  lands  anfl  uplands.  The 
soils  are  gray,  while  the  subsoils  are  gray  and  yellow  mottled  with 
white. 

The  soils  of  the  Myatt  series  are  poorly  drained  and  in  part  subject 
to  overflow.  They  are  still  largely  covered  by  forests.  When  cleared 
cotton  and  corn  are  the  chief  crops,  the  yield  of  cotton  ranging  from 
one- fourth  bale  to  1  bale  per  acre,  with  an  average  of  about  one-half 
bale.  With  proper  drainage  the  lighter  members  would  be  well 
adapted  to  truck  and  small-fruit  crops.  The  acreage  of  the  types  so 
far  encountered  is  as  follows :        • 


Area  and  distribution  of  the  soils  of  the  Myatt  series. 


Soil  name. 


Myatt  line  sand 

fine  sandy  loam 
clay  loam 


Total 


States  ill  which  each  type  hai<  been  found. 


Alabama 

Alabama,  Florida,  Louisiana,  Miasiasippi. 
MissiaBippi 


Total 
area. 


Acres. 
21,876 
61.440 
4,096 


86,912 


Norfolk  series. 

The  Norfolk  series  consists  of  light-colored  sandy  soils  underlain 
by  yellow  or  orange  sand  or  sandy  clay  subsoils.  Where  the  drainage 
is  insufficient,  the  subsoil  is  often  mottled.  The  members  of  this  series 
are  distinguished  from  those  of  the  Portsmouth  series  by  the  lighter 
color  of  the  surface  material  and  from  those  of  the  Orangeburg 
series  by  the  yellow  color  of  the  subsoils.  The  members  of  the  Nor- 
folk series,  with  few  exceptions,  are  special  purpose  rather  than  gen- 
eral farming  soils. 

The  series  comprises  the  most  important  truck  soils  of  the  Coastal 
Plain,  the  different  soils  not  only  being  specially  adapted  to  special 
kinds  of  crops,  but  also  having  a  wide  general  distribution  from  New 
York  to  Texas.  Of  this  series  the  fine  sand  taken  all  in  all  is  the 
leading  soil  for  general  trucking.  In  earliness  it  lies  between  the 
coarser  soils  on  the  one  hand  and  the  finer  on  the  other.  It  is  less 
leachy  and  droughty  than  the  Norfolk  sand  or  coarse  sand,  and  is 
more  easily  kept  in  a  productive  state.  Besides  the  lighter  truck 
crops,  it  is  a  valuable  soil  in  Florida  for  the  production  of  a  fine  grade 
of  Sumatra  wrapper  tobacco,  and  in  North  Carolina  and  Virginia  for 
cigarette  tobacco  and  peanuts.  In  Maryland  it  is  the  best  soil  for  the 
French  type  of  tobacco.  In  trucking  areas  large  acreages  are  devoted 
to  strawberry  culture.     In  the  sea  islands  of  South  Carolina  it  is  the 
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principal  soil  upon  which  the  long-staple  cotton  industry  has  been 
developed. 

Of  the  coarser  types  of  the  series  the  gravel  and  gravelly  loam 
are  not  extensively  developed  and  are  not  at  present  of  much  ag- 
ricultural value.  The  coarse  sand  and  coarse  sandy  loam  are  in 
the  same  category,  but  the  Norfolk  sand,  which  is  a  type  of  wide 
distribution,  is  an  important  soil  because  of  its  extreme  earliness, 
and  a  consequent  special  use  in  the  forcing  of  light  truck  crops 
for  the  very  early  market.  It  is  a  leachy  and  droughty  soil  and 
requires  heavy  manuring  and  fertilizing  to  produce  profitable 
yields.  Asparagus  has  proved  a  most  profitable  crop  on  this  soil  in 
North  Carolina,  and  watermelons  are  grown  with  success  in  Georgia, 
extra  early  potatoes  and  lettuce  in  Virginia.  These  crops  indicate 
special  uses  of  the  Norfolk  sand,  but  there  are  many  others  that  do 
equally  as  well  in  one  or  another  part  of  its  wide  occurrence.  A  spe- 
cial adaptation  in  the  sea  islands  is  long-staple  cotton. 

The  fine  sandy  loam  is  not  so  valuable  for  early  truck  as  the  fine 
sand,  but  is  an  exceUent  medium  to  late  truck  soil  and  in  some  sections 
it  is  known  as  "  cabbage  land."  In  North  Carolina  it  is  esteemed  a 
better  cigarette-tobacco  soil  than  the  sandy  loam  and  fully  equal  to 
the  fine  sand.  It  is  better  for  general  farming  than  the  lighter  soils 
of  the  series,  and  is  used  extensively  in  the  production  of  cotton,  being 
the  best  of  the  Norfolk  series  of  soils  for  growing  this  crop.  In 
certain  parts  of  Maryland  it  is  a  fine  general  purpose  soil,  giving  good 
yields  of  wheat,  com,  and  hay  in  addition  to  heavy  truck  and  fruit, 
principally  peaches. 

With  a  larger  acreage  than  any  of  the  other  soils  of  the  Norfolk 
series,  the  sandy  loam  is  an  important  resource  of  the  Coastal  Plain. 
It  is  used  for  Irish  and  sweet  potatoes,  bright  yellow  tobacco,  cotton, 
peanuts,  and  heavy  truck  crops  and  fruit.  In  Maryland  some  areas 
are  considered  the  best  general  farming  lands.  This  single  type  so 
far  mapped  comprises  an  area  about  half  the  size  of  Belgium. 

The  loam  and  silt  loam  are  suited  to  diversified  agriculture,  the 
latter  being  rather  the  better  soil.  In  New  Jersey  and  Eastern  Shore 
of  Maryland  good  yields  of  wheat,  corn,  and  hay  are  secured,  and 
some  dairying  is  practiced.  The  soil  is  used  for  the  same  general 
farm  crops  around  Norfolk  and  in  addition  Irish  and  sweet  potatoes 
are  grown  to  some  extent. 

The  clay  is  apparently  most  extensively  developed  in  Alabama. 
In  many  cases  it  needs  drainage,  and  with  good  cultivation  produces 
good  yields  of  cotton  and  corn.  The  table  on  page  106  shows  the 
acreage  of  the  several  types  so  far  encountered. 
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Area  and  diatrihution  of  the  soiU  of  the  "Norfolk  series. 


Soil  name. 


States  In  which  each  type  has  been  found.        Total  area. 


Norfolk  jf ravel 


Maryland,  New  Jersey,  New  York,  North  Carolina 

f^ntvelly  loam '  Alabama.  Mississippi,  Pennsylvania,  Virginia 

ooarRcsand Alabama,  Oeorvia,  Maryland,  Mississippi,  New 

Jersey,  New  York,  North  Carolina,  South  Caro- 
lina. 

coarse  sandy  loam New  York,  Virginia ' 

sand  a Alabama,  Delaware,  Florida,  Georgia,  Louisiana, 

Maryland,  MIssiadppi,  New  Jersey,  New  York,  i 
North  Carolina,  South  Carolina,  Texas,  Vir-  | 
ginia. 

fine  sand  <i <  Alabama,  Florida,  Qeoxgia,  Louisiana,  Maryland,  i 

I     Mississippi,  New  Jersey,  North  Carolina,  Penn*  | 
sylvania.  South  Carolina  Texas,  Virginia.  \ 

sandy  loam I  Alabama,  Florida,  Georgia.  Mississippi.  New  Jer- 

I     sey.  North  Carolina,  South  Carolina,  Tennessee, 
Texas,  Virginia. 

fine  sandy  loam  f> ■  Alabama,  Florida,  Geoxvia,  Indiana,  Kentucky. 

I     Louisiana.  Maryland,  Mississippi,  North  Caro- 
lina, South  Carolina,  Texas,  Vii^^nla. 
very  fine  sandy  loam Florida 


loam  o I  Alabama,  Delaware.  Florida,  Kentucky,  Mary- 

I     land,  Mississippi, New  York,  Pennsylvania,  Vir- 

silt  loam  d Alabama, Delaware,  Maryland, New  Jersey^North 

I     Carolina,  Pennsylvania,  South  Carolina, Texas, 
Virginia. 

clay  loam !  Virginia 

clay Alabama,  ticoigla.  North  Carolina 


ToUl 


188,670 
156.294 

2oer49o 


69,134 
2,074,712 


1,319,164 
1.4&4,888 
3,118.960 


768 
445.966 


518.532 


1.S56 
105  408 


9.612.882 


«  The  soils  mapped  as  Norfolk  sand  in  the  Craven,  N.  C,  Norfolk,  Va.,  and  -Perry  County. 
Ala.,  areas  is  Norfolk  flne  sand. 

"Mapped  as  Miami  flne  sandy  loam  in  the  BoonviUe.  Ind..  area,  Norfolk  loam  in  Calvert, 
Prince  George,  and  St.  Mary  counties,  Md.,  and  as  Norfolk  sandy  loam  in  Fort  Valley  area. 
Georgia. 

<•  Mapped  in  Calvert.  Prince  George,  St.  Mary,  and  Worcester  counties.  Md.,  and  Perry 
Countr.  Ala.,  as  Sassafras  sandy  loam.  Mapped  in  the  Long  Island.  N.  Y.,  area  In  part  as 
SasRafras  sandy  loam  and  In  part  as  Sassafras  gravelly  loam. 

"  Mapped  In  Calvert.  Cecil,  Harford,  Prince  George.  St.  Mary,  and  Worcester  counties, 
Md..  ana  Darlington,  S.  (\.  area  as  Sassafras  loam  and  in  the  Kent  County,  Md.,  and  Salem 
and  Trenton,  N.  J.,  areas  in  part  as  Sassafras  loam  and  Sassafras  gravelly  loam. 

Oktibbeha  series. 

The  Oktibbeha  series  occurs  in  the  prairie  belt  of  Alabama  and 
Mississippi  where  it  is*  known  as  "  post-oak  prairies,"  The  soils  are 
gray  to  yellowish  brown  and  are  underlain  by  the  brown  to  brownish- 
yellow  subsoils.  This  series  is  closely  associated  with  the  Houston 
soils  and  is  derived  from  material  immediately  overlying  the  Selma 
chalk.  The  surface  soil  of  the  lighter  textured  members  has  been 
formed  from  a  thin  deposit  of  material  probably  belonging  to  the 
Columbia  formation. 

The  Oktibbeha  soils  require  careful  handling,  but  with  proper  cul- 
tivation they  produce  good  yields  of  the  staple  crops  of  the  South. 
Cotton  and  corn  are  the  crops  on  the  fine  sandy  loam,  virgin  areas 
producing  heavy  yields.  The  silt  loam  needs  drainage  and  under 
existing  conditions  it  is  considered  a  poor  soil.  On  the  other  hand, 
the  clay  loam  is  one  of  the  best  cotton  soils  in  Oktibbeha  County, 
Miss.,  the  only  place  where  it  has  been  mapped  up  to  the  present 
time.  The  clay  is  a  difficult  soil  to  handle  and  the  farmers  attach 
very  little  value  to  it.    It  is  mainly  used  for  pasture.    Bermuda 
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grass  takes  possession  of  the  land  when  cleared.  As  a  rule  the  soils 
of  this  series  have  not  been  greatly  developed.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Oktibbeha  series. 


Soil  name  '  States  in    which   each  type   has  been  J     Total 

*  found.  area. 


Oktibbeha  fine  sandy  loam 


Acref. 
MisBissippi 17,844 


silt  loam do   :. 13,824 


clay  loam 
clay 


Total. 


.do 15,860 

.do !       25,920 


I 


72,448 


Orangreburgr  series. 

The  Orangeburg  series  is  derived  largely,  but  not  entirely,  from  the 
Lafayette  mantle  of  gravels,  sands,  and  sandy  clays.  The  surface 
soils  are  usually  gray  to  brown  in  color,  and  are  invariably  underlain 
at  a  depth  of  3  feet  or  less  by  a  red  or  yellowish-red  sandy  clay. 
The  prevailing  red  color  of  the  subsoil  is  the  characteristic  feature 
distinguishing  the  Orangeburg  series  from  the  Norfolk  series.  The 
Orangeburg  soils  may  be  considered  as  the  Coastal  Plain  equivalent 
of  the  Cecil  series  of  the  Piedmont  Plateau. 

The  soils  of  the  Orangeburg  series  are  somewhat  stronger  than 
the  corresponding  types  of  the  Norfolk  series.  They  are  used  for 
about  the  same  crops.  The  Orangeburg  sand  is  a  fine  truck  soil,  and 
in  Florida  is  used  for  growing  Sumatra  wrapper  tobacco  under 
shade.  It  has  characteristics  that  suggest  its  adaptation  to  peach 
culture.  The  fine  sand  is  an  easily  worked  soil  under  a  wide  range 
of  moisture  conditions.  It  also  has  a  wide  crop  adaptation,  being 
used  for  truck,  fruit,  and  the  staples — corn  and  cotton.  It  is  espe- 
cially adapted  to  peaches  and  plums.  The  sandy  loam  is  likewise 
adapted  both  to  general  farm  crops  and  truck.  In  Orangeburg 
County,  S.  C,  it  is  considered  the  best  general  farming  soil,  and  is 
also  used  for  bright-yellow  tobacco,  though  some  of  the  Norfolk 
soils  give  a  better  quality  of  leaf.  In  Florida,  Alabama,  and  Texas 
it  produces  a  high-grade  cigar  wrapper  and  filler  leaf.  The  coarse 
sandy  loam  has  a  rather  low  agricultural  value.  With  the  most 
extensive  development  of  any  of  the  soils  of  this  series,  the  fine 
sandy  loam  is  a  very  important  Coastal  Plain  soil.  Cotton,  corn, 
tobacco  (both  the  bright-yellow  cigarette  in  South  Carolina  and  the 
Cuban  filler  cigar  types  in  Alabama  and  Texas),  fruit,  and  truck 
are  grown.  In  the  Fort  Valley  section  of  Georgia  it  is  the  principal 
peach  soil,  and  in  east  Texas  this  crop  is  also  an  important  one. 
Strawberries  and  other  small  fruits  thrive.  Cotton  is  the  chief  crop 
upon  the  Orangeburg  clay,  which  is  typically  the  best  general  farm- 
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ing  soil  of  the  series.  Grain  and  forage  crops  do  well  upon  it  and 
stock  raising  or  dairying  are  industries  that  might  be  introduced. 
This  clay  often  has  a  veneering  of  sandy  loam,  and  in  such  cases  is 
used  to  advantage  for  truck  and  small  fruit.  The  two  types,  gravelly 
sandy  loam  and  loam,  have  so  far  been  found  in  limited  areas.  The 
latter  is  an  excellent  soil  for  cotton  and  the  staple  general  farming 
crops. 

The  acreage  of  the  different  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Orangrburf/  svricH, 


Soil  name.  States  in  which  each  type  has  been  found.         Total  area. 


Acret. 

Orangebuig  coarse  sandy  loam <  South  Carolina 8,2d6 

gravelly  sandy  loam Texas i  6,876 

sand  a ,  Alabama.  Florida,  Oeoxvia,  Louisiana,  Missis-  '         253,760 


fine  sand 


«ippi,  8outh  Carolina,  Texas. 


sandy  loam  b 

fine  sandy  loam  <* 


ipp 
iba 


Alabama,  Georgia,  Louisiana,  Mississippi,  Texas.  891,104 


Alabama.  Florida,  Louisiana,  Mississippi,  South  816,224 

Carolina,  Texas. 
Alabama.  Arkansa.o,  Florida.  Georgia.  Louisiana.        2,034,816 
Mississippi,  North  Carolina.  Oklahoma,  Texas. 

loam I  Florida,  Mississippi 3,264 

clay ;  Alabama,  OeoEgia,  Mississippi,  South  Carolina,  !         473.664 

I     Texas. 


Total 1 3,486,464 


«  Mapped  in  the  Darlington,  S.  C.  nroa  as  Orangeburg  sandy  loaai. 
^Mapped  in  the  Darlington.  S.  (\.  area  as  Orangeburg  loam. 

*  Mapped  in  Fort  Valley,  (ia.,  Gadsden  County,  Fla..  and  Perry  County.  Ala.,  areas  as 
Orangeburg  sandy  loam. 

Fortsmoutli  series. 

The  Portsmouth  series  is  characterized  by  dark-gray  to  black  sur- 
face soils,  underlain  by  yellow,  gray,  or  mottled  yellow  and  gray 
subsoils.  The  dark  color  of  the  soils  is  due  to  an  accumulation  of 
organic  matter  during  an  earlier  or  existing  swampy  condition. 
This  series  may  be  considered  as  intermediate  between  the  light- 
colored  Norfolk  soils  on  the  one  hand  and  the  Peat  and  Swamp  areas 
on  the  other.  The  members  of  the  series  occupy  depressed  areas,  or 
areas  so  flat  that  the  water  table  is  at  or  near  the  surface,  except 
where  artificial  drainage  has  been  resorted  to. 

Notwithstanding  their  naturally  poorly  drained  condition,  the 
soils  of  this  series  are  in  most  instances  easily  reclaimed  by  ditching, 
and  when  brought  into  proper  condition  are  highly  productive  for 
both  the  general  farm  and  special  crops.  The  sandy  members  of  the 
series  are  very  desirable  for  strawberries,  especially  for  late  varieties. 
They  are  also  well  suited  to  truck  crops,  such  as  cabbage,  kale,  let- 
tuce, and  root  crops,  and  could  be  used  to  advantage  for  celery, 
onions,  and  other  crops  that  thrive  in  soils  of  high  organic  matter 
content.  In  Duplin  County,  N.  C,  the  sand  and  fine  sandy  loam 
have  been  found  particularly  adapted  to  the  growing  of  bulbs,  large 
yields  of  tuberoses,  dahlias,  and  cannas  being  secured.     The  heavier 
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members  are  used  chiefly  for  com,  small  grain,  and  grass,  though 
they  are  also  used  in  places  for  celery,  onions,  and  cabbage.  A  rela- 
tively  small  proportion  of  this  series  has  been  developed  and  but 
little  of  this  has  been  highly  developed. 

The  acreage  of  the  types  so  far  encountered  is  shown  in  the  follow- 
ing table : 


.Area  and  distribution  of  the  soils  of  the  Portsmouth  series. 


Soil  name. 


Portsmouth  sand 


fine  sand . . 
Handy  loam 


fine  sandy  loam. 


loam 

silt  loamo. 
clay  loam . 


Total 


States  In  which  each  type  has  been  found. 


Total 
area. 


Delaware,  Florida,  Georgia,  Maryland,  North  Caro- 
lina, Virgrinia. 

Florida.  Oeorffia,  North  Carolina 

Delaware,  Florida,  Maryland,  North  Carolina, 
South  Carolina,  Texas,  Virginia. 

Florida,  Georgia,  North  Carolina,  South  Carolina, 
Virsrinla. 

Maryland,  Missiarippi,  North  Carolina 

Kentucky,  North  OBLrolina,  Viiginia 

Virginia 


Acre9. 
136,320 

328,000 
667,108 

301,476 

111,424 

182,656 

2,176 


1,729,160 


■  The  Portsmouth  silt  loam  in  tbe  Chester  County.  Pa.,  report  is  Elkton  silt  loam,  and 
in  the  Norfolk,  Va.,  area  was  mapped  as  the  Leonardtown  loam  and  Leonardtown  grayelly 
loam. 

Sassafras  series. 

The  soils  of  the  Sassafras  series  consist  of  yellowish-brown  surface 
soils  underlain  by  slightly  reddish-yellow  or  light  orange  subsoils. 
At  a  depth  varying  from  2^  to  5  feet  occur  beds  of  gravel  or  sand. 
The  soils  of  this  series  are  distinguished  from  the  Norfolk  by  the 
brown  surface  soils,  slightly  redder  subsoils,  the  presence'  of  the  gravel 
beds  in  the  lower  subsoil,  the  adhesion  of  finer  particles  to  the  sands, 
and  a  higher  agricultural  value.  They  have  been  formed  from  ma- 
rine and  estuary  deposits  composed  of  material  derived  from  the 
Piedmont  Plateau  and  limestone  valleys  mingled  with  glacial  mate- 
rial brought  down  by  the  larger  rivers.  They  occur  as  distinct  ter- 
races from  10  to  250  feet  above  sea  level  in  the  Coastal  Plains  around 
Chesapeake  Bay  and  northward.  This  series  includes  some  of  the 
most  productive  soils  of  the  Atlantic  seaboard. 

The  sand  and  loamy  sand  are  light,  well-drained,  naturally  warm, 
early  soils  especially  adapted  to  truck  crops  like  garden  peas,  aspara- 
gus, early  Irish  potatoes,  strawberries,  and  dewberries.  The  sandy 
loam  is  widely  distributed  and  is  a  good  soil  for  general  farming.  It 
is  considered  the  best  tomato  soil  of  the  Eastern  Shore.  Strawberries, 
potatoes,  asparagus,  peaches,  pears,  dewberries,  and  other  small  fruit 
make  excellent  yields.  The  crop  adaptations  and  agricultural  value 
of  the  fine  sandy  loam  are  nearly  the  same  as  for  the  sandy  loam. 
It  is,  however,  better  suited  to  grass  than  the  latter  type.  The 
loam  is  probably  the  best  all-round  general  farming  soil  of  the  north 
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pasture  land.  In  the  Laredo  area,  where  it  was  first  recognized,  none 
of  the  soil  is  under  cultivation,  being  exclusively  used  for  grazing 
cattle.  The  gravelly  sandy  loam  is  not  well  adapted  to  cultivated 
crops,  as  both  irrigation  and  cultivation  are  difficult.  It  is  naturally 
better  adapted  to  fruit  growing.  The  type  has  only  been  found  in 
the  Laredo  area,  Texas,  where  none  of  it  is  under  cultivation,  being 
used  exclusively  as  pasture  land.  The  acreage  of  the  different  types 
so  far  encountered  is  as  follows  : 

Area  and  distribution  of  the  soils  of  the  Webb  series. 


Soil  name. 


Webb  graTelly  sandy  loam 

nnesand 

fine  sandy  loam 

loam 


Total. 


State  In  which  each  type  ha«  been  fou  nd.      T£|f^ 


Texas 

do 

do 

do 


Acres. 

53,760 

3.196 

110,528 

17,088 


184.512 


Wickham  series. 

The  soils  of  this  series  occur  as  river  terraces  in  the  higher  part  of 
the  Coastal  Plain,  near  its  contact  with  the  Piedmont  Plateau.  They 
are  characterized  by  reddish  or  reddish-brown  surface  soils  contain- 
ing a  higher  percentage  of  organic  matter  than  the  Norfolk  series, 
and  usually  overlie  reddish,  micaceous  heavy  sandy  loam  or  loam  sub- 
soils which  become  coarser,  looser,  and  more  incoherent  at  about  30 
inches.  The  soils  generally  have  a  level  or  gently  undulating  surface, 
are  fairly  well  drained,  and  possess  a  retentive  subsoil.     . 

The  Wickham  soils  are  for  the  most  part  productive,  having  the 
advantage  of  alluvial  deposits  without  the  disadvantages  of  overflow 
and  poor  drainage.  They  are,  however,  of  limited  occurrence,  having 
been  mapped  so  far  in  only  two  areas,  both  in  Virginia.  They  are, 
at  present,  used  for  general  farming.  The  heavier  soils  produce  large 
yields  of  wheat,  oats,  corn,  and  hay.  The  acreage  of  the  different 
types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Wickham  series. 


Soil  name. 


State  in  which  each  type  has  been  found. 


Wickham  sand Yin^inia 

sandy  loam do  . . 

loifm* do  . . 

clay  loam do  . . 


Total 
area. 


Acres. 
•1,416 
5,120 
5,952 
2,176 


Total. 


17.C64 
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Wilson  series. 

The  Wilson  series,  like  the  Crockett  series,  occurs  as  prairies  scat- 
tered through  the  timbered  region  of  Texas.  The  surface  soils  are 
very  much  like  the  Crockett  soils,  varying  from  gray  to  almost  black. 
The  subsoils  are  mottled  gray  and  drab.  This  series  forms  a  grada- 
tion between  the  Houston  and  Lufkin  series. 

The  clay  loam  is  a  strong  soil,  devoted  to  cotton,  corn,  oats,  and 
sorghum.  The  fine  sandy  loam  and  loam  are  droughty  soils.  Cotton 
seems  to  be  their  best  crop.  The  acreage  of  the  different  types  so  far 
encountered  is  as  follows : 


Area  and  distribution  of  the  soils  of  the  Wilson  series. 


Soil  name. 


Wilson  fine  sandy  loam. 

loam 

clay  loam 


Total. 


State  in  which  each  type  has  been  found. 


Texas  .. 

do.^ 

do.. 


Total 
area. 


Acre*. 
4,288 
98,880 
71,872 


175,040 


Miscellaneous  soils  of  the  Atlantic  and  Qulf  Coastal  Plains. 

Important  areas  of  the  Acadia  silt  loam  have  been  mapped  in  Lou- 
isiana and  in  Arkansas.  In  the  former  State  very  little  of  the  soil  is 
at  present  under  cultivation,  but  in  Arkansas  it  is  used  extensively  in 
the  production  of  cotton,  corn,  and  oats.  Apples,  peaches,  pears, 
plums,  and  small  fruits  are  produced  for  home  use,  and  could  be 
grown  more  extensively.  Cowpeas  are  an  important  crop  and  are 
cut  for  hay. 

Small  areas  of  a  soil  called  AUoway  clay  have  been  mapped  in  New 
Jersey.  It  is  sedimentary  in  origin  and  occupies  both  rolling  uplands 
and  stream  bottoms.  Fine  apples  are  produced  upon  it,  and  grass  and 
wheat  thrive. 

A  limited  area  of  Amite  loam  has  been  surveyed.  It  occurs  in  Lou- 
isiana and  is  of  alluvial  origin,  though  occupying  higher  flood  plains. 
Corn  produces  from  30  to  40  bushels  per  acre  and  cotton  does  well. 
The  soil  is  adapted  also  to  sugar  cane  and  some  truck  crops. 

The  Amite  sandy  loam,  a  sedimentary  second-bottom  soil  found  so 
far  only  in  Louisiana,  is  a  valuable  soil  with  wide  crop  possibilities. 
The  determined  or  suggested  adaptations  include  corn,  cotton,  oats, 
sweet  and  Irish  potatoes,  sugar  cane,  and  truck. 

The  Caddo  fine  sandy  loam  in  point  of  extent  is  an  important  soil  of 
Caddo  Parish,  La.  It  is  largely  occupied  by  forest  and  needs  drain- 
age. Though  used  mainly  for  cotton  and  corn,  of  which  tlie  yields 
are  large,  the  soil  is  probably  even  better  adapted  to  plants  requiring 
a  moist  soil,  for  instance,  sugar  cane,  rice,  some  truck  crops,  and 
strawberries. 
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Of  occurrence  only  in  Louisiana,  where  about  20  square  miles  of  it 
have  been  mapped,  the  Calcasieu  fine  sand  is  a  sedimentary  soil.  It 
occurs  in  two  phases,  a  fine  sandy  loam  and  fine  sand,  both  of  which 
are  adapted  to  truck  and  fruit. 

The  Calcasieu  loam,  a  sedimentary  soil  of  Louisiana,  is  found  in 
depressions  and  is  poorly  drained.  It  has  been  found  to  be  an  excel- 
lent soil  for  rice,  an  impervious  clay  subsoil  preventing  the  waste  of 
water  during  the  flooding  period. 

A  relatively  small  ai'ea  of  Calcasieu  fine  sandy  loam  has  been  found 
in  Texas  and  Louisiana.  It  is  a  good  truck  soil  and  is  also  adapted  to 
pears  and  berries. 

The  Chesterfield  sandy  loam  occupies  the  greater  part  of  Chester- 
field County,  Va.  It  is  a  soil  of  uncertain  derivation,  being  partly 
residual  and  partly  sedimentary.  It  varies  in  productiveness,  but  for 
the  most  part  gives  moderate  yields.  Wheat,  corn,  oats,  and  shipping 
tobacco  are  the  crops  grown.  The  gravelly  soil  of  this  name  is  little 
used  for  cultivation,  owing  to  the  difficulties  of  handling.  The  least 
stony  areas  give  fair  yields. 

Among  the  most  productive  soils  of  New  Jersey  and  Coastal  Plain 
Maryland  may  be  placed  the  Collington  sandy  loam.  Over  110,000 
acres  of  this  soil  have  been  mapped  in  the  two  States  named.  The 
soil  is  derived  through  weathering  from  a  green  glauconite  sand,  the 
pure  greensand  being  found  at  an  average  depth  of  30  to  40  inches. 
The  areas  of  this  soil  are  used  for  small  fruit,  nursery  stock,  truck, 
and  tobacco. 

The  Crowley  silt  loam  is  one  of  the  most  extensively  developed  soils 
of  the  southei'ii  coastal  plain  regiou.  It  occupies  level  or  slightly  roll- 
ing prairies  and  in  south  Louisiana  is  considered  one  of  the  very  best 
soils  for  rice  growing.  Well-drained  areas  are  adapted  to  cotton  and 
oats. 

The  Durant  sand  and  the  Durant  fine  sandy  loam  were  mapped 
in  Indian  Territory.  The  former  is  a  light  sandy  loam  of  low  value 
for  general  farm  crops.  Cotton  and  corn  are  the  only  crops  grown 
on  the  limited  areas  under  cultivation.  The  fine  sandy  loam  occu- 
pies a  rolling  plain,  is  well  drained,  and  easily  cultivated.  Derived 
from  sandstone  with  interst ratified  limestone  deposits,  the  soil  is 
calcareous  and  above  the  average  in  fertility.  It  is  for  the  most  part 
treeless  and  was  one  of  the  first  soils  to  be  settled.  While  not  as 
productive  as  contiguous  areas  of  Houston  black  clay,  the  better 
phase  of  the  soil  is  highly  esteemed.  Cotton,  corn,  and  oats  are  the 
important  crops. 

The  (xainesville  sand,  of  which  one  comparatively  small  area  has 
been  found  in  Florida,  is  well  drained  and  inclined  to  be  droughty. 
The  sand  is,  however,  loamy  and  underlain  by  clay  at  about  3  feet, 
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which  has  a  tendency  to  maintain  a  moisture  supply  in  all  but  ex- 
tremely dry  periods.  Sea  Island  cotton  is  the  principal  crop,  the  soil 
being  especially  fitted  for  the  production  of  this  valuable  variety. 
Corn,  oats,  and  peanuts  are  also  successfully  produced  and  some  areas 
are  used  for  general  farming  and  the  raising  of  cattle  and  hogs. 

A  better  general  farming  soil  than  the  last  described,  a  greater  pro- 
portion of  the  Glenn  loam  is  under  cultivation,  though  there  is  still 
much  of  it  in  forest.  Cotton,  corn,  and  oats  are  the  important  crops. 
Apple  trees  make  a  thrifty  growth  and  produce  a  fruit  of  good 
quality. 

The  Glenn  sandy  loam  is  for  the  most  part  in  forest  of  oak,  with 
a  scattering  of  pine.  Cotton  and  corn  are  leading  crops,  the  yields 
being  light  and  uncertain.  Peaches  do  fairly  well.  Potatoes,  pea- 
nuts, and  some  of  the  truck  crops  would  give  better  results  than  the 
crops  grown  at  present. 

Only  one  small  area  of  the  Greenville  fine  sandy  loam  has  been 
mapped  to  the  present  time.  It  is  closely  related  to  the  Orangeburg 
fine  sandy  loam  and  differs  from  it  in  having  a  red  surface  soil.  It  is 
held  to  be  somewhat  more  productive  than  the  Orangeburg  soil. 
Being  found  in  Alabama,  it  is  used  chiefly  for  cotton  and  com. 

The  Greenville  gravelly  sandy  loam  is  a  fair  type  for  the  produc- 
tion of  cotton  and  corn.  It  is  recognized  as  very  well  adapted  to 
peaches,  small  fruits,  and  vegetables,  and  in  the  early  days  a  very 
good  grade  of  tobacco  was  grown  for  home  use. 

The  Greenville  loam  is  a  strong  productive  soil,  especially  well 
adapted  to  growing  cotton,  corn,  and  oats.  It  is  not  so  well  adapted 
to  fruit  and  vegetables.  It  maintains  improvement  well  and  is  not 
easily  exhausted  under  ordinary  treatment.    It  occurs  in  small  areas. 

The  Hammond  silt  loam  is  a  level,  poorly  drained  soil  of  south- 
eastern Louisiana.  It  is  naturally  unproductive,  being  deficient  in 
organic  matter.  Sugar  cane,  oats,  small  truck,  and  crab-grass  hay 
are  the  crops  succeeding  best  on  this  soil. 

The  greater  part  of  the  Harley  sandy  loam  is  still  in  forest,  but 
small  areas  planted  to  com  and  cotton  give  good  yields.  The  soil  is 
better  adapted  to  potatoes,  fruit,  and  truck  crops.  It  resembles  some 
of  the  typical -peach  soils  of  the  country  and  the  few  trees  seen  upon 
it  were  in  a  thrifty  condition. 

The  Hempstead  loam  is  a  friable  soil  containing  some  gravel,  with 
a  level  surface  and  good  drainage.  It  produces  good  crops  of  corn, 
potatoes,  tomatoes,  cabbage,  rye,  and  gi*ass,  and  is  also  a  fair  soil  for 
late  truck.    This  soil  has  been  encountered  only  in  Long  Island. 

The  Lacasine  clay  loam  is  a  heavy,  intractable  soil  found  in  depres- 
sions in  swamps.    It  has  little  present  agricultural  value. 
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Tlie  Lake  Charles  fine  sandy  loam,  limited  to  Louisiana  and  Texas, 
is  a  soil  of  heavy  fine  sandy  loam  texture  underlain  by  still  heavier 
material.  The  surface  is  marked  by  sand  mounds  and  the  elevation 
is  I'elatively  high,  so  that  drainajre  is  fairly  good.  It  is  adapted  to 
crops  requiring  a  moderately  light  soil  and  a  plentiful  moisture 
supply. 

A  small  area  of  the  Lake  Charles  loam  was  mapped  in  r»uisiana. 
Though  heavy  and  difficult  to  till,  it  makes  excellent  rice  land. 

The  Lamar  loam  is  found  in  Texas.  Little  of  it  is  under  cultiva- 
tion, as  the  surface  is  rough  and  eroded  and  washing  is  severe  when 
the  soil  is  plowed  and  allowed  to  lie  unprotected.  Its  main  value  is 
as  pasture  land. 

Another  of  the  miscellaneous  soils  of  Louisiana  is  the  Landry  silt 
loam.  This  type  has  a  rolling  surface  and  is  not  irrigable,  which 
prevents  its  utilization  for  rice  growing.  It  is  a  fairly  good  cotton 
soil. 

The  Leonardtown  loam  is  a  valuable  upland  soil  of  Maryland  and 
Virginia.  The  surface  is  slightly  rolling,  the  drainage  in  most  areas 
is  good,  and  altogether  the  land  is  well  suited  to  general  farming. 
The  soil  has  a  special  value  in  the  production  of  wheat  and  grass. 

The  Leon  fine  sand,  like  the  sand,  is  poorly  drained  and  at  present 
valued  only  for  its  covering  of  longleaf  pine.  Consisting  of  a  sand 
resting  on  a  sandy  subsoil,  it  would  doubtless  prove  droughty  if  too 
thoroughly  drained.  With  care  to  secure  the  right  moisture  condi- 
tions, it  could  be  used  for  certain  lines  of  agriculture,  though  many 
years  will  elapse  before  reclamation  will  be  economical. 

No  areas  of  the  I^eon  sand  are  under  cultivation,  the  type  being 
poorly  drained.  It  supports  a  good  growth  of  longleaf  pine,  which 
is  at  present  its  sole  value. 

The  Mobile  clay  is  a  grain  and  grass  soil  of  limited  area.  It  is 
poorly  drained  and  of  little  agricultural  value. 

The  Monroe  silt  loam,  mapped  only  in  Louisiana,  is  mainly  in  for- 
est of  oak  and  pine.  On  the  few  areas  where  cultivation  has  been  at- 
tempted the  crops,  cotton  and  corn,  have  given  small  yields. 

The  Morse  clay  is  another  soil  of  slight  extent  and  little  agricul- 
tural importance.  Where  irrigable  rice  can  be  grown  and  well- 
drained  areas  are  adapted  to  corn  and  cotton. 

Muck  and  Peat :  These  soils  are  composed  largely  of  organic  mat- 
ter in  various  conditions  of  decay,  the  Muck  representing  an  ad- 
vanced stage  of  change  in  Peat  areas.  Of  relatively  limited  extent, 
and  poorly  drained,  these  soils  are  highly  valued  for  their  adaptation 
to  special  crops,  such  as  celery,  onions,  ])eppermint,  and  cabbage. 

Derived  from  limestone,  the  San  Antonio  clay  loam,  a  type  found 
only  in  western  Texas,  is  a  very  productive  soil.     Under  irrigation 
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it  is  an  excellent  fruit  soil.  It  is  also  adapted  to  cotton,  corn,  sor- 
ghum, and  hay.    Alfalfa  gives  fair  returns. 

Sandhill,  Dunesand,  and  Coastal  beach  consist  of  deep  sands  of 
little  or  no  agricultural  value. 

Swamp,  Tidal  swamp  and  marsh :  Under  these  heads  are  grouped 
areas  covered  with  water  the  greater  part  of  the  year  and  unfit  for 
agriculture  except  where  drained  and  protected  from  tidal  or  fluvial 
overflow.  When  reclaimed  much  of  this  land  will  become  very 
productive. 

The  Travis  gravelly  loam,  found  in  Texas,  is  composed  of  old 
alluvium  forming  terraces  along  streams.  The  high  location,  to- 
gether with  the  large  quantity  of  gravel  in  the  soil  and  subsoil,  ren- 
ders the  type  droughty,  and  it  is  valued  more  for  its  forest  growth 
than  for  farming.  On  level  areas  cotton,  com,  and  oats  give  light 
yields.  The  soil  seems  better  adapted  to  tree  fruits  and  melons  than 
for  general  farm  crops. 

The  Warsaw  sandy  loam  is  a^  well-drained  second-terrace  soil 
found  in  Alabama.  This  is  a  productive  type  well  suited  to  general 
farm  crops  and  to  certain  truck  crops.  On  the  more  elevated  areas 
small  fruits  and  peaches  do  well. 

The  acreage  of  the  miscellaneous  types  described  above  is  as 
follows : 

Area  and  distribution  of  the  misceUaneous  soils  of  the  Atlantic  and  Gulf  Coastal 

Plains. 


Soil  xiame. 


Acadia  silt  loam 

Alloway  clay 

Amite  loam 

Amite  flandy  loam 

Caddo  fine  nandy  loam 

Calcasieu  fine  sand 

Calcasieu  loam 

Calcanieu  fine  sandy  loam 

Chesterfield  gravelly  sandy  loam. 

Chesterfield  sandy  loam 

CoUington  sandy  loam 

Crowley  silt  loama 

Durant  fine  sandy  loam 

Durant  sand 

Gainesville  sand 

Glenn  loam 

Glenn  sandy  loam 

Greenville  gravelly  sandy  loam. . 

Greenville  fine  sandy  loam 

Greenville  loam 

Hammond  silt  loam 

Harley  sandy  loam 

Hempstead  loam 

Lacasine  clay  loam 

Lake  Charles  fine  sandy  loam 

Lake  Charles  loam 

Lamar  loam 

Landry  silt  loam 

Leonardtown  loam  b 

Leon  fine  sand 


States  in  which  etich  type  has  been  found. 


Acres. 

225,792 

22,484 

16,320 

7,232 

151,680 

13,970 

51,280 

28,540 

34.304 

95,680 

110,886 

477, 120 

25,728 

4,288 

7,744 

86,584 

73,600 

10,752 

9,162 

2,048 

70,976 

8,832 

68,824 

8,470 

182.708 

6>378 

5,696 

37,696 

196,834 

17,728 

•  Mapped  in  part  as  Miami  clay  loam  and  in  part  as  Elmira  slit  loam  in  the  Stuttgart 
area,  Arlcansas. 

*The  Leonardtown  loam  and  Leonardtown  pravi'lly  loam  in  the  Norfolk,  Va.,  report 
are  the  Portsmouth  silt  loam. 


Arkansas,  Louisiana 

New  Jersey 

Louisiana 

do 

Louisiana,  Texas 

Louisiana 

do 

Louisiana,  Texas 

Virginia 

do 

Maryland,  New  Jerney 

Arkansas,  Louisiana 

Oklahoma 

do 

Florida 

Alabama 

.....do 

Louisiana 

Alabama 

Louisiana 

do 

Oklahoma 

New  York 

Louisiana 

Louisiana,  Texas 

Louisiana 

Texas 

Louisiana 

Kentucky,  Maryland,  Virginia 

Florida 


Total 
area. 
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Area  and  distribution  of  the  mincelUineous  soils  of  the  Atlantic  and  Gulf  Coastal 

Pla  ins — Continued. 


Soil  name. 


States  In  which  each  type  has  been  found. 


Total 
area. 


Acrem. 

Leon  sand Florida 61,376 

Mobile  clay Alabama 896 

Monroe  silt  loam '  Louisiana,  MiiiBlsRippi 800,992 

Morse  clay ,  Arkansas,  Louisiana 7, 424 

Muck  and  Peat Florida,  Louisiana 66,568 

San  Antonio  clay  loam Texas 28, 606 

Sandhill,   Dunesand  and   Coastal     Delaware,  Florida.  Georgia,  Maryland,  New  York,  182,664 

beach.  North  Carolina,  South  Carolina,  Texas,  Viivinia. 

Swamp,  Tidal  Hwamp  and  marjth Delaware,  Florida,  Georgia,  Louisiana,  Maryland,  982,218 

New   York.   North   Carolina,    South    Carolina, 

Texas,  Virginia. 

Travis  gravelly  loam ^ Texas 25,728 

Warsaw  sandy  loam ,  Alabama '  38, 408 

Total !  8.627,198 


RIVER  FLOOD  PLAINS. 


An  extensive  and  characteristic  group  of  soils,  usually  known  as 
"  bottom  lands,"  is  found  in  the  flood  plains  of  numerous  rivers  and 
streams  of  the  United  States.  The  largest  development  of  this 
group  occurs  along  the  Mississippi  River,  where  the  bottoms  are 
often  many  miles  in  width. 

The  soils  have  been  formed  by  deposition  from  stream  waters 
during  periods  of  overflow.  The  texture  of  the  material  depends 
upon  the  velocity  of  the  current  at  the  time  of  the  deposition.  Where 
the  current  is  very  rapid,  large  stones  and  bowlders  are  borne  along 
and  beds  of  gravel  and  sand  are  formed.  Along  the  swift-flowing 
streams  the  texture  of  the  soil  changes  often  within  short  distances, 
but  in  wide  bottoms  large  areas  of  very  uniform  soils  are  often 
formed.  The  soil  material  has  usually  been  derived  from  various 
kinds  of  rocks,  but  in  some  instances  is  closely  related  to  the  sur- 
rounding geological  formation.  The  red  soils  along  the  R^d  and 
other  rivers  in  the  Southwest  have  been  formed  by  the  reworking 
of  the  Permian  Red  Beds.  In  general,  the  soils  along  the  streams 
which  flow  through  the  prairie  region  have  a  darker  color  than 
those  along  the  streams  which  run  only  through  the  timbered  sec- 
tions of  the  country. 

The  difference  in  the  origin,  drainage,  color,  and  organic  matter 
content  has  given  rise  to  several  series  of  alluvial  soils  in  the  humid 
portion  of  the  TTnited  States. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
8,061,453  acres. 

Congaree  series. 

The  soils  of  the  Congaree  series  are  brown  to  reddish-brown  in 
color,  and  are  composed  of  material  which  has  been  washed  from  the 
red  Cecil  soils  of  the  Piedmont  Plateau.  As  the  latter  series  is 
derived  from  crystalline  rocks,  the  Congaree  soils  usually  contain 
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Considerable  amounts  of  mica.  While  they  are  found  along  streams 
in  the  Piedmont  Plateau,  they  also  occur  along  streams  issuing  from 
this  region. 

The  Congaree  soils,  which  occur  in  small,  narrow  areas  along 
the  streams  in  all  parts  of  the  Piedmont  section  of  the  South,  are 
highly  valued  because  of  the  fine  crops  of  corn  that  can  be  harvested 
year  after  year  upon  them.  Being  subject  to  overflow,  with  annual 
deposition  of  material  washed  from  fertile  upland  soil,  their  pro- 
ductiveness is  kept  at  a  high  point,  and  they  are  so  situated  that 
even  in  dry  years  the  moisture  conditions  are  very  favorable.  Sor- 
ghum and  sugar  cane  are  two  other  crops  that  produce  well.  Cotton 
is  apt  to  run  to  weed  and  to  mature  late,  causing  a  loss  of  a  part  of 
the  bolls  through  frost.  The  acreage  of  the  types  so  far  encountered 
is  as  follows : 

Area  and   distribution  of  the  soils   of   the   Congaree  series. 


Soil  name. 


Congaree  fine  sandy  loam . 

loam 

clay  a , 


Total 


States  in  which  each  type  has  been  found. 


South  Carolina , 

Alabama,  MiffiisHippi,  South  Carolina.  Vii^nia. 
Alabama,  South  Carolina 


Total 
area. 


Acres. 
23,860 
140.416 
19.4r)6 


183.232 


«  Mapped  as  Ocklocknee  clay  in  Mucon  County,  Ala. 

Huntingrton  series. 

Throughout  the  area  of  the  Allegheny  Plateau  there  are  found 
along  the  streams  areas  or  strips  of  overflow  bottom  lands,  varying  in 
width  from  a  few  yards  to  3  or  4  miles.  The  soils  are  formed  by 
the  reworking  of  materials  derived  from  sandstones,  shales,  and  lime- 
stones. Those  having  a  dark-brown  to  yellow-brown  color  have  been 
included  in  the  Huntington  series. 

Somewhat  more  extensively  developed  than  the  Wheeling  soils, 
the  Huntington  soils,  with  the  exception  of  the  gravelly  loam,  are 
very  valuable  for  both  general  farm  crops  and  truck.  The  loam  is 
used  largely. for  trucking;  the  silt  loam  for  corn,  potatoes,  hay,  and 
truck,  with  some  areas  in  sorghum  and  alfalfa.  The  fine  sandy  loam 
is  apportioned  between  the  general  farm  crops  mentioned  and  garden 
vegetables.    The  acreage  of  the  types  so  far  encountered  is  as  follows : 


Area  and  distribution  of  the  soils  of  the  Huntington  series. 

Soil  name. 

States  in  which  each  type  has  been  found. 

Total 
area. 

Huntington  Rravelly  loom 

Tennessee 

Acres. 
14.461 

"        fine  sandy  loam Indiana.  Pennsvlvania.  West  Vinrinia. 

20.864 

loam 

Indiana,  New  York,  Pennsylvania,  Tennessee,  Vir- 
ginia, West  Virginia. 

Alabama,  Indiana,  New  York,  Ohio,  Tennessee, 
Virginia. 

101,824 
121,844 

silt  loam 

Total 

258,496 
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Miller  series. 

The  soils  of  the  Miller  series  are  distinguished  from  those  of  the 
Wabash  and  Waverly  series  by  their  reddish  color.  They  occur 
along  the  Red  and' other  rivers  that  flow  through  the  Permian  Red 
Beds  and  represent  this  material  reworked  by  streams.  As  these 
streams  flow  away  from  the  areas  covered  by  the  Red  Beds,  material 
from  the  surrounding  country  is  added,  so  the  soils  gradually  lose 
their  red  color  and  change  to  the  Wabash  or  Waverly  series. 

Soils  of  the  Miller  series  are  among  the  most  productive  alluvial 
soils  of  the  United  States.  The  Miller  fine  sand  gives  moderate 
yields  of  cotton  and  com,  and  higher  lying  areas  seem  adapted  to 
fruit,  especially  peaches.  Vegetables  also  do  well.  The  fine  sandy 
loam,  a  more  extensive  member  of  the  series,  gives  better  yields  of 
cotton  and  corn,  and  is  also  well  adapted  to  truck  and  fruit,  peaches, 
plums,  and  pears  being  gi'own  to  considerable  extent  in  parts  of 
Texas.  It  is  also  an  excellent  soil  for  alfalfa,  the  acreage  of  which 
has  been  rapidly  extended  in  recent  years.  Vegetables  may  be  grown 
with  profit,  and  in  some  cases  irrigation  is  practiced,  the  water  being 
secured  from  artesian  wells.  The  silt  loam  has  about  the  same  ex- 
tent as  the  fine  sand.  It  is  used  for  about  the  same  crops  as  the  fine 
sandy  loam  and  clay,  i.  e.,  cotton,  corn,  sugar  cane,  and  alfalfa.  The 
clay  is  the  most  extensive  and  strongest  soil  of  the  series.  Surpassed 
by  few  soils  in  the  production  of  cotton  and  alfalfa,  it  is  no  less 
valuable  in  the  growing  of  sugar  cane.  The  Miller  soils  from  their 
origin  and  the  relatively  circumscribed  area  of  the  formation  from 
which  they  are  derived  are  not  an  extensive  series.  The  acreage  of 
the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Miller  setHes, 


Soil  name. 


Miller  flnc  sand 

fine  sandy  loam 

loam 

silt  loam  <» 

clay  b 


Total 


States  in  which  each  type  has  been  found. 


Total 
area. 


;  Acres. 

A  rkansas,  I^uislana,  Texas , . .        66, 944 

Arkansas,  Louisiana,  Oklahoma,  Texas 177, 216 

Oklahoma 37,184 

Louisiana,  Texas ;        54, 208 

Arkansas,  Louisiana,  Oklahoma,  Texas 260, 352 


695,904 


"  Mapped  as  Vernon  silt  loam  in  Vernon  area.  Texas. 

^  Mapped  as  Sharkey  clay  in  Miller  i'ounty  area,  Arkansas. 

Ocklocknee  series. 

The  Ocklocknee  series  occurs  as  the  better  drained  bottom  lands  in 
the  Coastal  Plains  region,  principally  of  Georgia,  Alabama,  and 
Mississippi.  It  is  formed  by  the  reworking  of  noncalcareous  un- 
consolidated deposits.  The  soils  are  gray  to  yellowish-brown  and  do 
not  show  a  large  amount  of  mottling. 
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The  soils  when  well  drained  are  among  the  most  productive  soils 
in  the  Coastal  Plains.  Very  little  of  the  clay  is  as  yet  cultivated, 
although  it  is  capable  of  producing  large  yields  of  cotton  and  corn. 
Some  excellent  pasture  is  found,  but  the  soil  will  not  be  used  much  for 
agricultural  purposes  until  the  streams  are  put  under  better  control 
and  the  drainage  improved.  The  loam  is  at  present  valued  largely 
for  its  timber.  It  would  require  a  large  expenditure  to  put  it  into 
cultivation  and  prevent  the  injury  to  crops  by  inundation.  When 
well  drained  it  will  produce  good  crops  of  both  corn  and  cotton.  The 
fine  sandy  loam  usually  lies  higher  above  the  stream  than  the  heavier 
soil,  but  much  of  the  type  requires  drainage.  When  this  is  done  it 
proves  a  good  cotton  and  corn  soil.  The  sand  is  very  limited  in 
extent  and  is  of  little  importance  agriculturally.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 

Area  and  distvibution  of  the  soils  of  the  Ocklocknee  series. 


Soil  name. 


Ocklocknee  sand 

fine  sandy  loom 

loam 

clay  loam 

claya 


Total 


States  in  which  each  typo  has  been  found. 


Alabama 

do 

Miffiisslppi 

do... 

Alabama,  Florida,  Geoi^a,  Miasiaaippl. 


Total 
area. 


Acres. 

960 

28,544 

103,3^10 

18,632 

89,920 


236,416 


•The  soil  mapped  as  Ocklocknee  clay  in  Macon  County,  Ala.,  is  Congaree  clay. 

Wabash  series. 

The  Wabash  series  comprises  the  most  important  of  the  alluvial 
types  of  soil.  It  embraces  those  soils  having  a  dark-brown  to  black 
color  and  a  large  percentage  of  organic  matter.  These  soils  are 
typical  of  the  Mississippi  River,  but  there  is  no  sharp  distinction 
between  them  and  other  bottom  soils  foimd  along  the  rivers  of  the 
Middle  West. 

The  Wabash  soils  are  among  the  strongest  and  most  productive 
types  of  the  country. 

The  most  extensive  type  of  the  series  is  the  silt  loam,  by  far  the 
greater  part  of  which  is  found  north  of  the  southern  tier  of  States, 
and  therefore  cotton  is  not  as  important  a  crop  as  com,  grass,  and 
small  grains,  of  which  fair  to  large  yields  are  secured,  depending 
upon  the  condition  of  drainage.  The  next  soil  in  point  of  area  is  the 
Wabash  clay.  In  the  Southern  States  this  is  considered  the  best  cot- 
ton soil,  producing  on  the  average  over  a  bale  of  lint  to  the  acre. 
Farther  north  it  gives  large  yields  of  corn.  A  small  area  of  the  heavy 
clay  has  been  found  in  Texas,  where  it  gives  heavy  yields  of  cotton, 
corn,  oats,  and  forage  crops.  The  Wabash  loam  is  the  third  soil  in 
area ;  occurring  io  the  north  of  the  cotton  sections  it  is  used  chiefly  for 
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com,  to  which  it  is  well  adapted.  It  can  be  used  to  advantage  in  the 
production  of  canning  crops,  such  as  sugar  com,  tomatoes,  green 
peas,  and  beans.  The  fine  sandy  loam  is  of  limited  extent.  Some 
areas  produce  heavy  yields  of  wheat,  oats,  corn,  while  others  are 
better  suited  to  melons,  sugar  beets,  Irish  potatoes,  and  alfalfa.  The 
principal  crop  on  the  sandy  loam  is  corn.  It  is  also  suited  to  truck 
crops.  The  heavier  silt  loam  and  clay  loam  are  both  valuable  soils, 
though  as  yet  only  small  areas  have  been  encountered  in  the  soil 
survey.  Heavy  yields  of  grass,  corn,  alfalfa,  Kafir  corn,  sorghum, 
and  moderate  yields  of  small  grains  are  obtained.  The  acreage  of 
the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Wabash  series. 


Soil  name. 


Wabash  fine  sand 

sandy  loam  a 

fine  sandy  loam  b. 

loam  o 

Biltloamd 


silt  clay... 
clay  loam , 
clay  « 


heayy  clay. 


Total 


States  in  which  each  type  has  been  found. 


Arkansas,  Oklahoma 

Indiana,  Ohio 

Arkansas,  Indiana,  Minnesota,  Nebraska,  Okla- 
homa. 

Arkansas.  Illinois,  Michigan,  Minnesota,  Missouri, 
New  York.  North  Dakota.  Ohio.  Wisconsin. 

Alabama.  Arkansas,  Illinois,  Indiana,  Iowa,  Kan- 
sas.  Kentucky.  Minnesota,  Missouri,  Nebraska, 
Oklahoma,  Tenneasee. 

Kansas,  Oklahoma 

Arkan.sas 

Alabama,  Arkansss,  Illinois,  Kansiu<,  Louisiana, 
Mississippi.  Mlmouri.  Nebraska,  North  Dakota, 
Ohio,  Oklahoma,  Texas. 

Texas 


Total 
area. 


Acres. 
19,006 
6,<S24 
71,872 

264,179 

854,  aas^ 


9,964 
11,681> 
610,685 


13,248 


1,861,497 


'  Mapped  as  Miami  sandy  loam  in  the  Montgomery  County  area,  Ohio. 

*  Mapped  as  Miami  sandy  loam  In  Posey  County,  ind. 

"  Mapped  as  Miami  loam  in  Auburn,  I^vons.  and  Syracuse  areas.  New  York ;  Columbus, 
Coshocton,  and  Montgomery  counties,  ana  Toledo  and  WesterviUe  areas,  Ohio ;  Fargo  and 
Grand  Forks  areas,  North  Dakota :  Marshall  area,  Minnesota :  Pontiac  area,  Michigan ;  and 
Virooua  area,  Wisconsin,  and  as  Lintonia  loam  in  Tazewell  County,  111. 

'Mapped  as  Lintonia  loam  in  the  Dubuque  area,  Iowa,  and  as  Waverly  silt  loam  in 
Posey  County,  Ind.,  and  Union  County,  Ky. 

'  Mapped  as  Yazoo  clay  and  Sharkey  clay  In  Allen  County,  Kans.,  and  as  Sharkey  clay 
In  Parsons  area,  Kansas. 

Waverly  series. 

The  Waverly  series  is  characterized  by  light-colored  surface  soils, 
with  drab,  gray,  and  mottled  yellow  or  white  subsoils.  The  soils  of 
this  series  occur  almost  entirely  along  the  streams  east  of  the  Missis- 
sippi River. 

Though  occupying  the  same  position  as  the  Miller  and  Wabash  series, 
the  Waverly  soils  are  decidedly  less  productive.  They  range  from 
fine  sandy  loam  to  clay,  and  in  general  are  used  for  corn  and  cotton. 
The  fine  sandy  loam  is  adapted  to  corn,  melons,  early  vegetables,  and 
alfalfa,  while  wheat,  oats,  and  potatoes  are  successfully  grown.  The 
loam  is,  according  to  location,  adapted  to  cotton  and  corn,  or  to  corn, 
wheat,  and  forage  crops.  Overflows  render  the  successful  use  of  this 
soil  problematical  in  certain  areas.    Com  is  the  principal  crop  on  the 
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silt  loam,  and  in  the  South  cotton  is  also  an  important  crop ;  the  yields 
are  good.  The  soil  has  a  marked  adaptability  for  sugar  cane,  giving 
large  yields  of  a  superior  quality  of  sirup.  Cabbage  and  peas  are 
grown,  and  other  truck  crops  could  be  produced  on  a  commercial 
scale.  The  clay  loam  seems  best  adapted  to  clover,  timothy,  and  red- 
top.  Export  tobacco,  wheat,  and  corn  are  other  products  of  this  soil, 
the  yields  depending  on  the  character  of  drainage  and  cultivation. 
On  well-drained  areas  of  the  clay,  where  protected  from  overflows, 
corn,  wheat,  grasses,  oats,  and  tobacco  yield  well.  The  heavier  mem- 
bers of  this  series  have  not  been  developed  to  so  great  an  extent  as 
the  corresponding  types  of  the  Wabash  series.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 


Area  and  difstrihution  of  the  soiU  of  the  Waverly  series^ 


Soil  name. 

States  in  which  each  type  has  been  found. 

Total 
area. 

Waverly  fine  sandy  loamf* 

Illinois,  Indiana,  Kentucky,  Mississippi 

18, 176 

loam  b 

Alabama,  Indiana.  Mi&««issippi,  Tennessee 

Arkansas,  Illinois,  Indiana,  Kentucky,  Mississippi, 

Missouri,  Tennessee. 
Illinois.  Indiana.  Missouri 

1S2,016 
893,472 

silt  loam  c 

clav  loam  rf 

68,224 

clay  « 

Alabama,  Arkansae,   Indiana,  Kentucky,  Missis- 
sippi, Ohio. 

220,852 

Total 

882,240 

- 

*  Mapped  as  Miami  flnc  »andy  loam  in  Posey  County,  Ind.,  and  Union  Coointy,  Ivy.,  and 
as  Yazoo  sandy  loam  in  Clay  County,  111. 

*  Mapped  as  Yazoo  loam  In  Posey  County,  Ind.  ^^ 

^  The  soil  mapped  as  Waverly  silt  loam  In  Posey  County,  Ind.,  and  Union  County,  Ky.,  is 
Wabash  silt  loam. 

*  Mapped  as  Guthrie  clay  in  Posey  County,  Ind. 

*  Mapped  as  Yazoo  clay  and  Sharkey  clay  in  Union  County,  Ky. 

Wheeling  series. 

About  the  close  of  the  Glacial  epoch  there  was  formed  along  the 
Ohio  and  other  rivers  issuing  from  ice-covered  regions  a  series  of 
gravel  terraces.  The  terrace  soils  which  have  been  formed  by 
streams  issuing  from  areas  where  the  upland  soils  are  composed  of 
ground-up  sandstone  and  shales  have  been  included  in  the  Wheeling 
series.  The  gravel  is  composed  largely  of  sandstone  and  shale, 
although  granite  and  other  crystalline  rocks  are  also  present.  Shale 
being  a  rather  soft  rock,  the  percentage  generally  decreases  as  the 
distance  from  the  source  of  the  material  decreases.  The  soils  are 
brown  to  yellow  brown  in  color  and  are  underlain  by  gravel,  usually 
within  3  feet  of  the  surface. 

While  of  limited  extent  the  Wheeling  soils  are  important  in  rela- 
tion to  other  soils  of  the  region  where  they  occur.  The  gravelly 
loam — the  most  extensive  soil — ^has  a  wide  adaptation,  being  suited 
to'  the  production  of  the  general  farm  crops,  truck,  and  fruit.  The 
sandy  loam  is  especially  adapted  to  apples,  and  is  nearly  all  occupied 
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by  bearing  orchards.  The  silt  loam  is  a  well-drained  terrace  soil, 
and  is  valued  as  a  potato  soil,  though  producing  fine  crops  of  toma- 
toes, corn,  wheat,  and  hay.  The  fine  sandy  loam  is  best  adapted  to 
melons  and  strawberries.  Other  small  fruits  do  well,  while  the 
staples — potatoes,  corn,  wheat,  and  hay — ^are  grown  with  good  results. 
About  the  same  crops  are  produced  on  the  fine  sand  with  marked 
results  with  melons  and  tomatoes. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Whteling  serica. 


Soil  name. 


Wheeling  Kravelly  loam. . , 

fine  sand 

sandy  loam 

fine  sandy  loam, 
silt  loam 


Total. 


States  in  which  each  type  has  been  found.      J£lf 


Ohio,  West  Virginia. 

Ohio 

West  Virginia 

Ohio 

Ohio,  West  Viiglnia. 


Acret. 

11,892 

640 

768 

1,984 

5,248 


20,032 


MlsceUaneous  soils  of  the  river  flood  plains. 

In  this"  province,  where  the  soils  are  now  forming  or  have  recently 
formed,  a  good  many  soils  have  been  encountered  which  have  no 
such  common  properties  as  to  suggest  definite  relationships  that  would 
justify  their  being  put  into  any  one  of  the  established  series,  but 
it  is  not  unlikely  that  with  further  work  in  the  extension  of  the  sur- 
veys  new  series  may  be  established  and  some  of  these  miscellaneous 
soils  be  brought  into  them.  The  various  uses  to  which  these  miscel- 
laneous soils  are  now  being  put  are  briefly  shown  in  the  following 
paragraphs : 

On  the  Austin  fine  sandy  loam  the  corps  grown  are  cotton,  corn, 
fruit,  and  some  vegetables.  Considerable  sorghum  fodder  is  produced, 
and  under  favorable  conditions  it  is  thought  alfalfa  would  make 
abundant  crops. 

The  Biscoe  silt  loam  in  Arkansas  is  well  adapted  to  cotton  and 
corn,  which  are  the  principal  crops  grown  on  it.  It  would  probably 
do  well  if  planted  to  alfalfa,  and  with  proper  cultural  methods  prove 
an  excellent  truck  soil. 

The  Blanco  loam  occurs  in  such  small  areas  that  it  is  of  minor  im- 
portance, but  is  productive,  especially  when  irrigated.  It  makes  good 
yields  of  corn,  cotton,  Irish  potatoes,  and  sweet  potatoes.  It  is  well 
suited  to  vegetables.  Large  yields  of  alfalfa  are  secured  when  irri- 
gated. 

Only  limited  areas  of  the  Brennan  fine  sandy  loam  are  cultivated. 
Favorable  seasons  tend  to  make  fair  yields  of  com,  cowpeas,  and 
sorghum  on  this  soil.    It  is  chiefly  valued  as  pasture  land. 

The  Calhoun  clay  is  poorly  drained,  but  if  drained  should  prove  a 
good  soil  for  cotton. 
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The  Cameron  clay  was  formerly  used  for  rice  culture  in  Texas,  but 
accumulations  of  salts  have  discouraged  the  cultivation  of  this  crop. 
Where  well  drained  good  yields  of  the  general  farm  crops  are 
secured. 

Ldttle  of  the  Carrington  clay  loam  is  under  cultivation.  It  is  a  diffi- 
cult soil  to  till,  but  should  produce  good  yields  of  wheat. 

The  Catalpa  silt  loam  requires  drainage,  but  when  reclaimed  is  a 
very  valuable  general  farming  soil. 

The  Chattooga  loam  is  a  productive  soil  for  corn. 

In  Arkansas,  where  it  occurs,  the  Collins  silt  loam  produces  cotton, 
com,  and  potatoes. 

The  Franklin  loam  is  little  cultivated.  It  produces  some  cotton 
and  com. 

The  Griffen  clay  is  largely  covered  with  forest.  Com  is  the  chief 
crop  on  cultivated  areas,  and  some  wheat  and  oats  are  grown. 

The  Jackson  loam  is  used  for  wheat  and  corn.  It  is  adapted  to 
light  farm  crops  and  truck,  wrapper  tobacco,  and  peaches. 

The  Lintonia  loam  is  a  good  cotton  soil  and  well  adapted  to  market 
gardening  and  fruit  culture.  In  northern  areas  it  produces  corn, 
wheat,  oats,  and  potatoes. 

The  Lomalto  clay  is  affected  with  alkali  and  the  opportunity  for 
drainage  is- poor,  so  that  little  agricultural  value  attaches  to  this  soil. 

Meadow  consists  of  low-lying,  flat,  and  poorly  drained  land  of 
variable  texture.  Frequently  of  some  value  for  grass  and  pasturage, 
and  in  the  South  for  corn  after  subsidence  of  floods.  Much  more  of 
it  can  be  reclaimed  by  simple  methods  of  drainage,  and  when  this  is 
done  excellent  results  can  be  secured  from  a  variety  of  crops. 

Muck  and  Peat  are  soils  composed  largely  of  organic  matter  in 
various  conditions  of  decay,  the  Muck  representing  an  advanced 
stage  of  change  in  Peat  areas.  Of  relatively  limited  extent,  and 
poorly  drained,  these  soils  are  highly  valued  for  their  adaptation  to 
special  crops,  such  as  celery,  onions,  peppermint,  and  cabbage. 

The  Neosho  silt  loam  is  best  adapted  to  wheat  and  grass,  but  in  nor- 
mal seasons  corn  and  oats  do  well.     The  soil  is  in  need  of  drainage. 

The  Neuse  clay  is  poorly  adapted  for  agriculture  on  account  of  its 
close,  sticky  nature  and  poor  drainage,  but  when  well  drained  is  a 
good  cotton  soil. 

The  Point  Isabel  clay  is  of  little  agricultural  value. 

The  Rio  Grande  silty  clay,  a  semiarid  type  of  soil,  is  largely  cov- 
ered with  native  vegetation  of  water-loving  species.  Without  irri- 
gation a  few  areas  produce  corn  and  cotton. 

The  Sanders  silt  loam  is  subject  to  overflow,  but  under  favorable 
conditions  makes  good  crops  of  corn,  cotton,  and  «Tohnson  and  Ber- 
muda grasses.    Heavy  yields  of  sirup  are  secured. 
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The  Sanders  loam  is  a  very  good  corn  soil,  but  not  so  well  suited  to 
the  production  of  cotton.    It  generally  needs  drainage. 

When  well  drained  the  Sarpy  clay  loam  makes  excellent  corn  land. 
It  is  used  to  some  extent  for  alfalfa,  of  which  excellent  yields  are 
secured. 

The  Sharkey  clay  lies  along  streams  in  the  South,  where  it  is  locally 
known  as  "  Buckshot  land."  When  diked  and  well  drained  it  is  a 
strong  soil,  suited  to  corn,  sugar  cane,  and  cotton. 

Swamp  and  Marsh  comprise  areas  covered  with  water  the  greater 
part  of  the  year  and  unfit  for  agriculture  except  where  drained  and 
protected  from  tidal  or  fluvial  overflow.  When  reclaimed  much  of 
this  land  will  become  very  productive. 

The  principal  crops  grown  on  the  Teller  fine  sandy  loam  are  cotton 
and  corn.  The  Teller  fine  sand,  in  addition  to  cotton  and  com,  of 
which  very  fair  yields  are  obtained,  is  well  adapted  to  potatoes, 
melons,  and  other  truck  crops  and  to  fruits. 

The  Toxaway  fine  sandy  loam  and  loam  are  among  the  most  pro- 
ductive soils  of  the  mountain  vallevs  where  thev  occur.  The  loam  is 
used  for  corn,  hay,  and  wheat.  The  fine  sandy  loam,  while  used  for 
the  same  crops,  is  really  better  suited  to  the  production  of  vegetables, 
melons,  and  other  truck  crops. 

The  Tyler  silt  loam  is  poorly  drained,  crawfishy  land.  It  is  not 
well  adapted  to  wheat,  but  fair  yields  of  oats  and  corn  are  secured. 
It  is  mainly  used  for  grazing  or  pasture  lands. 

The  Yazoo  sandy  loam  occupies  low,  flat  ridges  forming  front 
lands  near  stream  courses.  The  chief  product  is  cotton,  but  the  soil 
is  suited  to  truck  and  market  garden  crops.  Corn  and  truck  do  well 
in  the  more  northern  area. 

The  Yazoo  loam  is  used  chieflv  for  cotton,  but  it  is  by  nature  better 
adapted  to  truck  and  market  garden  crops.  The  loam  is  a  strong 
cotton  soil.     In  northern  areas  it  is  adapted  to  corn  and  wheat. 

The  acreage  of  the  types  so  far  encountered  is  given  in  the  follow- 
ing table : 

Area  and  distribution  of  miscellaneous  soils  of  the  river  flood  plains. 


Soil  name.  States  in  which  each  tyi)c  has  been  found. 


Total 
area. 


Anntin  fine  aandy  loam Texas 

Blscoe  silt  loam  ". ,  A rkansiix 

Blanco  loam I  Texas 

Brennan  fine  sandy  loam do. . . ; 

Calhoun  clay ■  .\rkiinsaH 

Cameron  clay Texjts 

Carrington  clay  loam North  Dakota. 


Catalpa  silt  loam 
Chattooga  loam  . 
Collins  silt  loam. 
Franklin  loam  . . 

Griffin  clay 

Jackson  loam 


M  i!<.sif(sippi 
Alat)ama.. 
Arkansas  . 

Texas 

Indiana... 
Missouri .. 


Acre». 

32,576 

12.992 

6,376 

11,584 

12.672 

27,072 

6,272 

5.056 

5,696 

8,576 

1.280 

1,600 

2.304 
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Area  and  distribution  of  miHcellaneoua  soils  of  the  river  flood  plaitis — Ck>ntinued. 


Soil  name. 


States  In  which  each  type  has  been  found. 


Lomalto  clay Texas 


IJntooialoama. 
Meadow 


Mack  and  Peat 

Neosho  silt  loam  i> 

Neufieclay 

Point  Isabel  clay 

Rio  Grande  silty  clay. 

Rock  outcrop,  etc 

Sanders  loam 

Sanders  silt  loam 

Sarpv  clay  loam 

Sharlcey  clay  <? 

Swamp  and  Marsh . . . . 


Teller  fine  sand 

Teller  fine  sandy  loam  . . . 
Toxaway  fine  sandy  loam 

Tozaway  loam 

Tyler  silt  loam ,. 

Yaaooloamcf 


Yaaoo  sandy  loam  « 


Total 


Illinois,  Indiana,  Kentucky,  ML<«<U«ippi 

Alabama.  Arkansas,  Connecticut,  Delaware,  Flor- 
ida, Georgia.  Illinois,  Indiana,  Iowa,  Kentucky, 
Louisiana,  Maryland.  Massachusetttv  Michigan. 
Minnesota,  Mississippi,  Missouri,  Nebraxka.  New 
Hampshire,  New  Jersey.  New  York.  North  Ciiro- 
lina,  North  Dakota,  Onio,  Oklahoma,  Pennsyl- 
vania, Rhode  Island,  South  Carolina,  South  Da- 
kota, Tennessee,  Texas,  IT  tab,  Vennont.  Virginia, 
West  Virjrfnia,  Wisconsin 

Kentucky,  Louisiana,  Nebraska 

Kansas 

Mississippi,  North  Carolina 

Texas 

do 

IndlAna,  Kentucky,  Missouri,  North  Dakota 

Texas 

do 

Nebraska 

Louisiana,  Mindssippi,  Texas 

Alabama.  Arkansas,  Connecticut.  Delaware,  Flor- 
ida, Louisiana,  Maryland,  MaM-achusetts,  Missis- 
sippi. North  Carolina,  Texas,  Virginia. 

Oklahoma 

do 

North  Carolina,  Virginia 

North  Carolina 

West  Virginia 

Illinois.  Kansas,  Louisiaiui,  Mississippi,  Missouri, 
Texas. 

Illinois.  Indiana,  Kansas,  Louisiana,  Mississippi, 
Texas. 


Total 
area. 


A.CTC8. 

86,544 
87,640 


2,869,885 

24,640 

80,789 

17,952 

4,096 

8,0&1 

20.416 

17,408 

10^880 

2,816 

760,764 

116,206 


1,844 
11,712 
25, 152 
11,828 

8,008 
168,067 

162,363 


4,023,4:)0 


«  The  area  mapped  as  Lintonia  loam  in  Tazewell  County,  111.,  is  Wabash  loam,  that 
mapped  as  Lintonia  loam  in  the  Dubuque  area,  Iowa,  is  Wabash  silt  loam,  and  that 
mapped  as  Memphis  silt  loam  in  Posey  County,  Ind.,  and  Union  County,  Ky.,  is  Lintonia 
loam. 

*  Mapped  as  Oswego  silt  loam  in  Parsons  area.  Kansas. 

«  The  soil  mapped  as  Sharkey  clay  in  Union  County,  Ky.,  is  the  Waverly  clay,  and  that 
mapped  as  Sharkey  clay  in  Miller  County,  Ark.,  is  the  Miller  clay.  The  area  mapped  as 
Sharkey  clay  in  Allen  County  and  Parsons  area,  Kansas,  is  Wabash  clay. 

*  The  soil  mapped  as  Yazoo  loam  in  Posey  County,  Ind.,  is  Wayerly  loam. 

*  The  area  mapped  as  Yazoo  sandy  loam  In  Clay  County,  III.,  is  Waverly  fine  sandy 
loam.  In  the  Austin  area,  Texas,  1,216  acres  of  Yazoo  sandy  loam  republished  as  Bastrop 
silt  loam  in  Bastrop  County,  Texas,  and  included  in  the  latter  type. 

PIEDMONT  PLATEAU. 

Lying  between  the  Atlantic  Coastal  Plain  and  the  Appalachian 
Mountains  and  extending  from  the  Hudson  River  to  east-central 
Alabama  is  an  area  of  gently  rolling  to  hilly  country  known  as  the 
Piedmont  Plateau.  On  the  Atlantic  side  it  is  closely  defined  by  the 
"fall  line,"  which  separates  it  from  the  coastal  plain,  but  on  the 
northwestern  side  the  boundary  is  not  sharp,  although  in  the  main 
distinct.  In  its  northern  extension  the  Piedmont  Plateau  is  quite 
narrow,  but  broadens  toward  the  south,  attaining  its  greatest  width 
in  North  Carolina. 

The  surface  features  are  those  of  a  broad,  rolling  plain  that  has 
been  deeply  cut  by  an  intricate  system  of  small  streams,  whose  valley 
walls  are  rounded  and  covered  with  soil,  although  many  small  gorges 
and  rocky  areas  occur.  The  altitude  varies  from  about  300  feet  to 
more  than  1,000  feet  above  sea  level. 
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The  extreme  northern  part  of  the  Piedmont  region,  in  New  Jersey, 
has  been  glaciated,  but  elsewhere  the  soils  are  purely  residual  in 
origin  and  have  been  derived  almost  exclusively  from  the  weather- 
ing of  igneous  and  metamorphic  rocks.  The  chief  exception  is  the 
detached  areas  of  sandstones  and  shales  of  Triassic  age.  Marked 
differences  in  the  character  of  the  rock  and  the  method  of  formation 
has  given  rise  to  a  number  of  soil  types,  those  derived  from  crystal- 
line rocks  being  tlie  most  numerous  and  widely  distributed.  Among 
these  the  soils  of  the  Cecil  and  Chester  series  predominate.  The 
principal  types  formed  from  the  sandstones  and  shales  are  included 
in  the  Penn  series. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
7,271,798  acres. 

Cecil  series. 

The  Cecil  series  includes  the  most  important  and  widely  distributed 
soils  of  the  Piedmont  I*lateau.  The  heavier  members  are  known  as 
the  "  red-clay  lands "  and  are  characterized  by  red  clay  subsoils, 
with  gray  to  red  soils  ranging  in  texture  from  sand  to  clay,  the 
lighter  colors  prevailing  with  the  siuidy  members.  A  characteristic 
of  the  subsoil  is  the  sharp  quartz  sand,  which  is  always  scattered 
through  it,  and  occasional  veins  of  quartz  or  flint  rock.  Particles 
and  flakes  of  mica  are  usually  present  in  the  subsoil.  The  types  are 
of  residual  origin  derived  from  the  degradation  of  igneous  and 
metamorphic  rocks  which  have  been  weathered  generally  to  great 
depths,  so  that  outcrops  are  rare.  Fragments  and  bowlders  of  the 
parent  rocks  are,  however,  found  on  the  surface  in  varying  quantities. 
The  topography  is  rolling  to  hilly,  with  level  areas  existing  where 
stream  erosion  has  not  been  too  great. 

The  soils  of  the  Cecil  series  produce  general  farm  crops  throughout 
their  extent  and  in  the  South  cotton  is  the  important  crop.  Both 
heavy  expoit  and  bright  tobacco  are  generally  grown,  the  character 
of  the  leaf  produced  depending  on  the  depth  and  texture  of  the  soil. 
The  clay  is  the  typical  soil  of  the  Piedmont  Plateau  and  occupies  two- 
fifths  of  the  total  area  of  the  series,  as  shown  by  the  surveys  to  the 
present  time.  It  is  recognized  as  the  strongest  soil  for  general  farm- 
ing. It  is  adapted  to  grass,  wheat,  and  corn  in  Maryland  and  Penn- 
sylvania, and  export  tobacco,  wheat,  and  grass  in  Virginia,  cotton, 
with  corn  and  wheat  secondary,  in  the  Carolinas  and  Georgia.  Cow- 
peas  succeed  on  this  soil  perhaps  as  well  as  anywhere  in  the  country. 
The  sandy  loam,  while  not  as  strong  a  soil  as  the  clay,  is  generally  pre- 
ferred by  the  farmers  on  account  of  grfeater  ease  of  cultivation.  It 
is  tlie  lightest  soil  of  the  series  suitable  for  general  agriculture.  In 
the  South  cotton  is  the  loading  crop,  with  corn  next  in  importance. 
Ill  Virginia  and  the  Carolinas  it  is  used  both  for  bright-yellow  and 


PIEDMONT   PLATEAU.  129 

dark-shipping  tobacco.  Besides  these  staples  a  great  variety  of  minor 
crops  is  produced.  Next  in  extent  is  the  Cecil  sand,  which  is  gen- 
erally recognized  as  the  bright  tobacco  soil  of  the  Piedmont  region. 
It  is  especially  adapted  to  sweet  potatoe.s  and  watermelons.  The  silt 
loam  and  loam  are  types  of  moderate  productiveness  and  are  used  in 
the  production  of  corn,  cotton,  wheat,  oats,  and  tobacco.  The  fine 
sandy  loam  is  used  chiefly  for  corn  and  cotton.  It  produces  fine- 
textured  tobacco,  and  is  also  suited  to  the  growing  of  peaches  and 
plums.  The  stony  loam  is  fomid  mainly  in  the  more  northern  States, 
where  it  is  a  good  general  farming  and  apple  soil.  A  relatively  small 
area  of  the  clay  loam  has  been  mapped.  It  is  an  excellent  corn  soil 
and  produces  fair  crops  of  wheat,  oats,  and  hay.  So  far  this  soil  has 
been  found  only  in  Pennsylvania.  Of  small  extent,  the  gravelly 
loam  and  stony  clay  have  little  importance.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 

Area  (Dtd  diHtribntion  of  the  noils  of  ihv  Cecil  Hcrien, 


Soil  name.  '        Statea  in  which  each  type  has  bet;n  found.        .  Total  aR^a. 


Acre*. 

Cecil  stony  loam o Alabama.   New    Jersey,    Pennnyl vania,    South  Ti.^  993 

('arolina. 
stony  rlay j  Alabama,  Soath  Carolina 19, 136 


g^ra  veil  y  loam, 
sand 


South  Carolina 23, 744 

GeoiKiA.  North  Carolina,  South  Carolhia,  Vir-  2{>9.744 
ffinia.                                                                       I 

sandy  loam Alabama.  Georgia,  North  Carolina,  South  ('aro-  ,  2, 1 10,  H08 

I     Una  Vinrinia. 

fine  sandy  loam South 'Carolina,  Virginia 186.  .560 

l»>amb Virginia 112,.%2 

silt  loam I  North  Carolina,  South  Carolina.  Virginia 172. 596 

flay  loam ■  Pennsylvania 45, 376 


clay. 
Total 


Alabama,  Georgia,  Maryland,  North  Carolina,        2,135,427 
Pennsylvania,  South  Carolina,  Virginia. 


I 


5,191,746 


"Mapped  as  (*ociI  clay  (stony  phase)  in  the  Lebanon  area,  PennRylvania,  and  as  Cecil 
loam  in  the  Trenton  area.  New  Jersey. 

^The  soil  mapped  as  Cecil  loam  in  Adams  County,  Pa.,  Albemarle  area,  Appomattox 
County,  and  Leesburg  area,  Virginia,  and  Cecil  and  Hartford  counties,  Md.,  Ih  Chester 
loam. 

Chester  series. 

The  Chester  series  occurs  in  the  northern  part  of  the  Piedmont, 
having  been  found  and  mapped  only  in  Pennsylvania,  Maryland,  and 
Virginia.  This  series  differs  from  the  Cecil  series  in  having  yellow 
or  only  slightly  reddish  subsoils  and  gray  or  brown  surface  soils, 
which  are  on  the  whole  lighter  and  more  friable  than  those  of  the 
Cecil  series.  The  members  of  this  series  are  also  much  more  mica- 
ceous and  even  more  subject  to  erosion  than  the  soils  of  the  Cecil 
series.  Locally  they  are  known  as  "  gray  lands  "  to  distinguish  them 
from  the  ''  red  lands '"  of  the  Cecil  .series.  The  topography  in  gen- 
eral is  not  so  rough,  being  rolling  to  moderately  hilly. 

The  soils  are  of  residual  origin,  derived  from  igneous  and  meta- 
morphic  rocks,  principally  mica  schists.  The  weathering  has  not 
gone  on  so  deeply  as  in  the  case  of  the  Cecil  series,  and  the  under- 
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lying  rock  is  often  encountered  within  2  feet  of  the  surface  on  slopes 
where  erosion  is  pronounced  and  rarely  lies  more  than  10  to  15  feet 
below  the  surface. 

The  Chester  soils  occur  with  the  Cecil  series  in  Pennsylvania, 
Maryland,  and  Virginia.  They  are  not  so  strong  as  the  Cecil  soils, 
and  require  more  careful  handling  to  maintain  the  yields,  but  they 
are  generally  better  developed.  Only  four  members  of  this  series 
have  been  mapped.  Of  this  by  far  the  greater  area  is  occupied  by 
the  loam.  While  used  mainly  for  general  farming  and  especially 
adapted  to  corn,  it  is  also  well  adapted  to  fruit  growing,  thrifty 
apple  orchards  having  been  found  both  in  Pennsylvania  and  Virginia. 
In  Maryland  it  is  used  for  canning  crops,  sweet  corn  and  tomatoes 
occupying  important  positions.  The  mica  loam  is  devoted  to  the 
same  crops  as  the  loam,  but  is  a  lighter  soil  and  not  equal  to  it  in 
fertility.  Although  limited  in  area,  the  fine  sandy  loam  is  a  desir- 
able soil  for  early  garden  crops  and  potatoes.  Permanent  pastures 
are  found  over  the  greater  part  of  the  stony  loam.  Where  the  sur- 
face features  are  favorable,  however,  com,  oats,  wheat,  potatoes,  and 
hay  are  grown  to  some  extent. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  dwtrihution  of  the  soils  of  the  Chester  series. 


Soil  imine. 


States  in  which  each  type  has  been  found. 


Chester  stony  loam ;  Pennsylvania 

fine  sandy  loam do 


mica  loam 
loama. 


Total 


Maryland,  Pennsylvania,  Virginia 


Total 
area. 


Acres. 
20,864 
6.080 
65,778 


Maryland,  Pennsylvania,  Virginia,  West  Virginia. . ;      599, 976 


692,698 


«  Mapped  as  Cecil  loam  In  Adams  County,  Pa.,  Albemarle  area.  Appomattox  County,  and 
Leesburg  area,  Virginia,  and  in  Cecil  and  Harford  counties,  Md. 

Penn  series. 

The  Penn  series  consists  of  Indian  or  purplish  red  soils  derived 
from  the  weathering  of  red  sandstones  and  shales  of  Triassic  age. 
Detached  areas  of  Triassic  rocks  occur  in  shallow  basins  in  the  Pied- 
mont from  New  England  to  South  Carolina. 

Though  of  less  extent  than  the  Hagerstown  and  Cecil  series,  the 
Penn  series  comprises  some  important  agricultural  soils.  The  prin- 
cipal type  is  the  Penn  loam,  a  friable  loamy  soil  well  suited  to  gen- 
eral farm  crops  and  considered  almost  equal  to  associated  limestone 
soils  in  productiveness.  It  is  especially  adapted  to  grass  and  grain 
and  is  well  suited  to  dairying.  The  Penn  stony  loam  is  used  for 
orcharding  and  the  less  stony  areas  for  general  farm  crops.  Another 
stony  type  is  the  shale  loam,  which  occurs  principally  in  Pennsyl- 
vania. It  is  used  for  general  farming,  producing  fair  crops  of  com, 
wheat,  oats,  and  hay.    The  sandy  loam  is  easily  tilled,  but  produces 
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only  light  yields,  which  are  compensated  in  a  measure  by  uniformly 
good  quality.    The  silt  loam  and  clay  are  strong  soils,  producing  fine 
yields  of  the  general  farm  crops,  wheat,  com,  and  grass. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Penn  series. 


I  1 

Soil  name.  '         States  in  which  each  type  has  been  found.  r^^ 


Penn  stony  loam 


shale  loam . . . . 
gravelly  loam 
sandy  loam  a . 

loam 

silt  loam 

clay  b 


Total 


Acres. 

Connecticut,  Massachusetts,  New  Jersey,  Penn-  374,788 
sylyania,  ViiKlnia. 

PennbylYania 100, 032 

Maryland,  Virginia 701 

New  Jersey.  Pennsylvania,  Virginia '       00, 366 

Maryland,  New  Jersev,  Pennsylvania,  Virginia 300. 746 

Pennsylvania 61,824 

Mao'land,  Virginia I       27,904 


726,364 


•The  Boll  mapped  as  Penn  sandy  loam  In  the  Fort  Payne  area,  Alabama,  is  the  Upshur 
sandy  loam. 

*The  soil  mapped  as  Penn  clay  in  the  Syracuse  area.  New  York,  is  Upshur  clay. 

Miscellaneous  soils  of  the  Piedmont  Plateau. 

The  Bradley  sandy  loam  is  a  residual  soil  derived  mainly  from 
granite  and  gneiss,  modified  to  some  extent  by  the  admixture  of  sedi- 
mentary material.     It  makes  moderate  yields  of  com,  oats,  and  wheat. 

The  Brandywine  loam  is  a  general  farming  soil  of  moderate  pro- 
ductiveness. 

The  Cardiff  slate  loam  occurs  in  Maryland  and  Pennsylvania. 
The  interstitial  material  is  rather  heavy,  but  the  soil  is  friable  be- 
cause of  the  presence  of  slate  fragments.  It  is  mostly  forested  with 
oak,  chestnut,  and  other  hardwood  trees.  Cleared  areas  produce  fair 
crops  of  com,  wheat,  oats,  and  grass. 

The  Conowingo  barrens  is  of  no  agricultural  value.  The  closely 
related  Conowingo  clay  is  a  moderately  productive  soil,  used  in 
general  farming. 

Though  extensively  developed  in  Virginia  and  the  Carolinas,  the 
Iredell  clay  loam,  because  of  a  waxy,  impervious  subsoil,  is  not 
esteemed  a  very  desirable  soil  for  any  of  our  common  crops.  Some 
areas,  however,  give  fair  yields  of  cotton,  corn,  and  wheat. 

The  Lansdale  silt  loam  is  above  the  average  in  productiveness.  It 
is  used  for  the  general  farm  crops. 

For  com  the  Loudoun  sandy  loam  is  considered  a  fine  soil.  Wheat 
gives  only  moderate  yields.  Grass  and  clover  are  also  grown  with 
good  results. 

The  Manor  loam,  found  only  in  Pennsylvania,  produces  fair  yields 
of  the  general  farm  crops,  and  the  Manor  stony  loam,  where  cultiva- 
tion is  possible,  is  used  for  the  same  line  of  agriculture. 

Rock  outcrop.  Rough  stony  land,  Steep  broken  land,  Rough  broken 
land,  Riverwash,  is  mainly  nonagricultural  land. 
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The  small  area  of  Worsham  sandy  loam  occurs  in  Virginia.    This 
soil  is  ix)orly  drained,  and  is  best  used  for  grass,  pasture,  and  hay. 
The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  diHtribution  of  the  miscellaneous  soils  of  the  Piedmont  Plateau. 


Soil  name. 


States  in  wh  Ich  each  type  lia«  been  found. 


Total 
area. 


Acres. 

Bradley  Randv  loam !  ViiKinia 59. 072 

Brandvwine  loam Pennsylvania i  24, 000 

Cardiff  Rlate  loam i  Maryland,  Pennsylvania '  2, 45R 

Conowingo  barren!* '  Maryland,  Pennsylvania.  Virginia '  15. 200 

Conowinkoelay <  Maryland.  North  Carolina,  Penn»r\-lvania,  '  49,^94 

Virginia.  i 

Iredell  clay  loam North  Carolina,  South  C^irolinn,  Virginia.  •  239, 018 

Lansdale  silt  loam Pennsylvania 99, 136 

Loudoun  sandy  loam Maryland,  Virginia ,  27, 908 

Manor  loam -. Pennsylvania t  76,736 

Manor  stony  loam do 

Rock  outcrop.  Rough  stony  land.  Steep  broken     Alabama,  Pennsylvania,  Souih  Carolina 

land,  Rough  broken  land.  Riverwasn. 
Worsham  sandy  loam Virginia 


38,956 
20,tt$2 


8,520 


Total I      660.990 


APPALACHIAN   MOUNTAINS  AND  PLATE.\tJ. 


The  Appalachian  Mountains  are  made  up  of  a  number  of  parallel 
ranges  and  intervening  valleys,  which  extend  in  a  general  northeast 
and  southwest  direction  from  southern  New  York  to  northern  Ala- 
bama. The  elevation  ranges  from  about  1,500  to  nearly  7,000  feet 
above  sea  level,  the  highest  point  l>eing  attained  in  western  North 
Carolina. 

Immediately  west  of  the  Appalachian  Mountains  and  usually  sepa- 
rated from  them  by  a  valley  is  a  Avide  stretch  of  country  known  as 
the  Allegheny  Plateau.  In  a  broad  way  this  plateau  is  carved 
out  of  a  great  block  of  sedimentary  rocks  tilted  to  the  northwest 
from  the  mountains.  It  is  crossed  by  numerous  streams.  As  they 
run  in  deep  channels  (all  the  larger  ones  l^ing  from  200  to  1,000  feet 
in  depth)  the  dissection  of  the  plateau  block  is  often  minute. 

The  rocks  of  tlie  eastern  ranges  of  the  Appalachian  Mountains  are 
igneous  or  metamorphic  in  origin,  w^hile  the  western  ranges,  as  well 
as  the  Allegheny  Plateau,  are  made  up  of  sedimentary  rocks.  Dif- 
ferent series  of  soils  have,  therefore,  been  formed  in  different  parts 
of  these  mountains  and  plateau.  The  igneous  and  metamorphic 
rocks  give  rise  to  the  soils  of  the  Porter  series,  while  the  Dekalb  and 
Upshur  series  are  formed  from  the  weathering  of  the  sandstones  and 
shales  of  sedimentary  origin. 

The  character  of  the  topography  in  the  mountain  and  much  of  the 
plateau  region  is  such  that  general  farming  is  not  practicable.  These 
areas  are,  however,  well  suited  to  grazing  and  fruit  growing,  and 
these  are  very  important  industries. 
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The  aggregate  area  of  all  the  soils  surveyed  in  this  province  is 
0,367,009  acres. 


Dekalb  series. 

The  Dekalb  series  is  derived  from  the  disintegration  of  sandstones 
and  shales,  from  Silurian  to  Carboniferous  in  age.  The  surface  soils 
are  gray  to  brown  in  color,  while  the  subsoils  are  commonly  some 
shade  of  yellow.  The  surface  features  consist  of  gently  rolling  table- 
lands, hills,  and  mountains. 

The  soils  of  this  series  are  generally  not  very  productive. 

The  stony  and  sandy  members  of  the  series  are  well  adapted  to 
orchard  and  small  fruits,  while  the  heavier  soils  make  good  hay  and 
pastures.  The  yields  of  the  cereal  crops  are  small,  but  the  quality  of 
the  products  in  general  is  good.  The  stony  loam  and  stony  sandy 
loam,  owing  to  character  of  surface  and  the  very  stony  nature,  are 
not  desirable  soils  to  cultivate,  but  with  proper  location  and  elevation 
have  proven  well  adapted  to  peaches.  The  shale  loam  is  a  heavy 
soil,  and  is  adapted  to  grain  and  grass  crops.  In  most  localities  it  is 
devoted  entirely  to  these  crops.  The  yields  are  fair.  The  gravelly 
loam  does  fairly  well  for  the  general  farm  crops,  but  is  generally 
droughty.  The  gravelly  and  fine  sandy  loam  are  fairly  good  soils 
for  truck  and  fi'uit.  The  loam  is  a  naturally  well-drained  soil,  and  is 
the  best  general  farming  soil  in  this  series,  producing  potatoes,  vege- 
tables, melons,  small  fruits,  and  tobacco,  as  well  as  the  general  farm 
crops.  The  silt  loam  and  clay  are  heavy  soils  that  do  best  to  the 
grain  and  grass  crops,  but  because  of  the  hilly  surface  much  of  these 
types  should  not  be  cultivated.  As  a  whole,  the  soils  of  the  Dekalb 
series  are  covered  to  great  extent  by  forest  growth,  the  predominant 
growths  being  chestnut  and  oak  and  other  hardwood  trees  of  less 
prominence. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Dekalb  series. 


Soil  name. 


Dekalb  »tony  loam 


Statefl  in  which  each  type  has  been  found. 


Total 
area. 


Alabama,  Maryland,  North  Carolina,  Pennsylvania, 
I      Tenneflsee,  Virginia,  West  Virginia. 

shale  loam Kentucky,  Maryland,  Tennessee,  Virginia,  West 

I     Virginia. 

gravelly  loam i  Pennsylvania 

stony  sandy  loam \  — do 

sandy  loam I  Alabama,  Ohio,  Pennsylvania,   Tenne«iee,  West 

'      Virginia. 
Alabama,  Kentucky,  Missouri,  Pennsylvania,  Vir- 
ginia. 

Kentucky,  Pennsylvania,  West  Virginia 

Alabama,  Indiana,  Kentucky,  Ohio,  Pennsylvania, 

Tennessee,  Virginia,  West  Virginia 

Alabama,  New  York,  Ohio,   Pennsylvania,  West 
Viiglnin. 


fine  sandy  loam. 


loam  ... 
silt  loam 

clay« 


Total 


Aeres. 
749,  »96 

481,012 

4,800 

18.688 

539,796 

113,344 

102,386 

701,568 
158,380 


2,864,820 


"  Mapped  as  Dunkirk  shale  loam  In  the  Westfield  area,  New  York. 
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Fayetteville  series. 

The  Fayetteville  series  consists  of  grayish-brown  to  brown  soils 
with  yellowish-brown  to  reddish-brown  subsoils.  They  are  inter- 
mediate between  the  Dekalb  series  and  the  Upshur  series.  They  are 
formed  by  the  weathering  of  sandstones  and  shales  and  are  found 
throughout  a  large  part  of  western  and  northwestern  Arkansas  and 
eastern  Oklahoma.  They  are  considered  moderately  fertile  soils. 

The  stony  loam  is  the  most  extensively  developed.  The  surface  is 
rolling  to  hilly  and  in  some  places  the  slopes  are  subject  to  injurious 
washing.  The  least  stony  parts  are  fairly  well  adapted  to  the  pro- 
duction of  general  farm  crops,  and  in  favorable  positions  apples  and 
peaches  do  well.  Grapes  are  also  grown  in  some  sections  with  suc- 
cess. Under  the  present  conditions  the  more  hilly  and  stony  areas 
can  best  be  utilized  as  pasture.  Where  the  topographical  position  is 
favorable,  the  fine  sandy  loam  is  exceptionally  well  suited  to 
peaches.  Apples  and  small  fruits,  especially  strawberries,  do  well. 
Moderate  yields  of  the  general  farm  crops  are  readily  obtained  and 
it  is  considered  the  best  potato  soil  in  this  section.  The  loam  is  a  good 
general  farming  soil,  and  satisfactory  yields  of  corn,  oats,  wheat,  ai:d 
grass  may  be  readily  secured  where  the  type  is  efficiently  farmed.  Its 
productiveness  is  much  better  maintained  than  the  fine  sandy  loam. 
Excellent  yields  of  strawberries  are  secured  on  the  well-drained  por- 
tions, but  they  are  not  quite  as  early  as  those  grown  on  the  fine  sandy 
loam.    The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and^distribution  of  the  soils  of  the  FayettevUJe  series. 


Soil  name.  ,  State  in  which  each  type  han  been  found. 


Fayetteville  stony  loam 

fine  aandy  loam 


Arkansas 
do... 


loam do 

Total 


Total 
area. 


Acre*. 
118,400 
17,216 
44,362 


179,968 


Porter  series. 

The  Porter  series  includes  the  residual  soils  of  the  Appalachian 
Mountains  derived  from  igneous  and  metamorphic  rocks.  The  soils 
are  analogous  to  those  of  the  Cecil  series,  but  are  classed  separately 
on  account  of  the  difference  in  topographic  position.  The  mountain- 
ous character  of  the  country  in  which  the  Porter  soils  are  found 
renders  them  difficult  of  cultivation.  They  occur  at  high  elevations 
and  so  are  influenced  more  or  less  by  different  climatic  and  drainage 
conditions. 

The  soils  of  the  Porter  series  are  all  eminently  adapted  to  fruit 
culture,  except  the  higher  and  rougher  portions,  and  especially  so  at 
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medium  elevations  and  under  suitable  conditions  of  slope  and  ex- 
posure. Fruit  forms  the  principal  crop  and  the  industry  seems  des- 
tined to  take  on  much  larger  proportions.  The  black  loam  is  the 
most  prominent,  being  especially  adapted  to  the  production  of  the 
Albemarle  Pippin  apple,  which  attains  perfection  in  the  sheltered 
coves  having  a  northeasterly  exposure.  On  the  broad,  rolling  tops 
of  the  mountains  the  situation  is  too  high  and  exposed  for  fruit  cul- 
ture, but  such  areas  make  excellent  grazing.  The  loam,  clay  loam,  and 
clay  are  the  general  farming  types  of  the  series,  but  the  Porters  clay  is 
also  important  as  an  apple  soil,  producing  the  red  varieties  of  apples, 
as  the  Winesap  and  others,  to  perfection.  The  sandy  types,  where 
not  too  rough  or  at  too  high  elevation,  are  especially  adapted  to  peach 
culture  and  are  so  used  extensively.  A  number  of  varieties  of 
peaches  succeed  on  these  soils.  They  will  also  produce  good  crops  of 
grapes.  Cattle  grazing  is  also  an  important  industry  of  the  Porters 
series  of  soils,  and  on  the  more  level  and  less  elevated  areas  the  general 
farm  crops,  as  wheat,  corn,  rye,  and  barley,  are  grown.  The  acreage 
of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Porter  series. 


Soil  name. 

States  In  which  each  type  has  been  found. 

Total 
area. 

Port^TR  ijitony  loMn 

Geonria,  North  Carolina.  Pennsylvania 

Acres. 

81,784 
216, 710 
893,806 

24,128 
196,560 
436.160 

26,482 
292,509 

tmn([ 

North  Carolina.  South  Carolina.  Vlririnia 

sandy  loam k 

do 

fine  Mindy  loam 

South  Carolina 

blA4f  k  loam 

North  Carolina,  Vlririnia 

loam 

North  Carolina.  South  Carolina 

clay  loam 

Boiith  Carolina ....     „ .    . 

day 

North  Carolina,   Pennsylvania,  South  Carolina, 
Virginia,  West  ViiKlnia. 

Total 

1,664,528 

Upshur  series. 

The  Upshur  series  is  closely  associated  with  the  Dekalb  series,  but 
is  much  less  extensively  developed.  It  is  characterized  and  distin- 
guished from  the  Dekalb  series  by  brown  and  red  surface  soils  and 
red  subsoils.  The  series  has  been  formed  by  the  weathering  of  red 
sandstones  and  shales  of  Paleozoic  age.  The  surface  is  rolling  to 
mountainous,  and  drainage  is  well  established. 

The  soils  of  the  Upshur  series  are  generally  more  productive  than 
the  corresponding  members  of  the  Dekalb  series.  The  sandy  loam 
and  loam  are  well  drained,  and  when  well  cultivated  yields  fairly 
good  crops  of  cotton,  corn,  wheat,  and  the  forage  crops.  The  clay  is 
a  heavy  soil,  and  occurring  on  steep  hillsides  suffers  much  from  ero- 
sion. It  is  mainly  used  for  pasturage,  but  the  less  hilly  areas,  sus- 
ceptible of  thorough  cultivation,  produce  good  crops  of  wheat,  corn, 
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and  grass.  The  stony  loam,  stony  sandy  loam,  and  sandy  loam  are 
adapted  to  fruit.  The  acreage  of  the  types  so  far  encountered  is  as 
follows : 

Area  and  diatrihution  of  the  soils  of  the  Upshur  series. 


Soil  name. 


States  in  which  each  type  has  been  found. 


Upshur  stony  loam i  Arkansas,  Pennsylvania. 

stony  sandy  loam Pennnylvania. 


sandy  loam  a. 
fine  sandy  loam. 

loam 

Milt  loam 

clay* '. 


Total 


Alabama,  Arkansas 

Arkansas 

Alabama,  Arkansas,  Pennsylvania. 

Virginia 

New  York,  Ohio,  West  Virginia. 


Total 
area. 


Acres. 
€2,912 
2,368 
8,806 

28.416 

2.6^ 

41,216 


163,904 


"  Mapped  as  Penn  sandy  loam  in  Fort  Payne  area,  Alabama. 
*  Mapped  as  Penn  clay  in  Syracuse  area.  New  York. 

Miscellaneous  soils  of  the  Appalachain  Mountains  and  Plateau. 

The  Chandler  stony  loam  is  of  little  agricultural  value,  hardly  at 
all  developed,  and  is  covered  with  forest- growth. 

Very  little  of  the  Chemung  stony  loam  is  under  cultivation, 
although  it  is  fairly  productive.  This  is  largely  due  to  its  rough 
and  rolling  topography.    It  may  prove  a  valuable  fruit  soil. 

A  steep  ridge  soil,  the  Clinch  shale  loam  has  little  value  except  for 
pasturage. 

The  Conway  silt  loam  is  a  transitional  type  between  uplands  and 
flood  plains.  It  is  not  generally  adequately  drained,  but  whei'e 
moisture  conditions  are  properly  controlled  good  crops  of  cotton  and 
corn  may  be  grown. 

The  (Jraingi^r  shale  loam,  so  far  as  encountere<l,  is  a  rough  ridgy 
soil  and  fit  only  for  grazing  stock. 

Corn  and  wheat  are  the  principal  crops  of  the  Holston  loam.  It 
is  not  considered  a  i)roductive  soil. 

The  Lickdale  clay  loam  is  low-lying  and  naturally  refractory  land, 
and  best  suited  to  grass  and  pasturage.  The  stony  loam  is  a  poor 
soil,  but  with  improvement;  through  careful  cultivation,  it  might  be 
used  in  some  areas  for  peach  culture. 

The  Meigs  clay  loam  is  a  comparatively  extensive  soil  in  south- 
eastern Ohio,  where  it  is  used  both  for  pasture,  being  naturally 
adapted  to  bluegrass,  and  for  growing  wheat,  oats,  and  hay.  It 
is  not  a  very  strong  soil,  but  responds  to  fertilization  and  good 
treatment. 

The  Morrison  sand  forms  a  part  of  what  are  locally  known  as  the 
''  barrens,"  in  the  limestone  valleys  of  Pennsylvania.  It  is  of  very 
low  agricultural  value  and  adapted  mainly  to  forestry. 
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The  Morrison  fine  sandy  loam  is  not  adapted  to  general  farming, 
and  the  yields  of  corn,  Avheat,  and  oats  are  comparatively  low.  It  is 
of  very  limited  occurrence. 

The  Morrison  sandy  loam,  which  occupies  ridges  and  slopes  in  the 
"  barrens  "  of  Pennsylvania  is  not  adapted  to  general  farming,  but 
should  be  suited  to  trucking  and  -the  production  of  fruits.  Pears  in 
the  area  surveyed  in  Pennsylvania  appeared  especially  thrifty. 

Very  little  of  the  Montevallo  stony  loam  is  under  cultivation.  The 
'  cleared  areas  give  small  yields  of  cotton.  Some  areas  may  some  day 
prove  valuable  for  peach  culture. 

The  Pilot  loam  produces  average  yields  of  corn,  wheat,  oats,  grass, 
and  forage  crops.  The  Pilot  gravelly  loam  is  for  the  most  pait  in- 
capable of  cultivation  on  account  of  gravel  and  stone  content,  other- 
wise it  makes  fair  yields  of  the  general  farm  crops. 

Rock  outcrop.  Rough  stony  land.  Steep  broken  land,  Rough  broken 
land,  and  Riverwash,  are  mainly  nonagricultural  land. 

The  Talladega  slate  loam  is  extensively  developed  in  Alabama, 
but  the  greater  part  of  it  is  still  wild  land.  Cleared  areas  are  used 
for  cotton  and  corn.  The  stony  loam  is  largely  under  cultivation  to 
cotton,  making  fair  yields.  With  better  market  facilities,  it  would  be 
a  valuable  soil  for  peach  and  small  fruit  culture. 

The  Paris  loam  and  Indian  loam  are  unimportant  soils. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  ami  dhtfihution  of  the  nihcrllancouf  hoUh  of  the  Appalachian  Afonntains 

and  Plateau. 


Soil  name. 


Chandler  stony  loam 

Chemunff  stony  loam 

Clinch  shale  loam 

Conway  silt  loam 

Grainger  shale  loam 

Holston  silt  loam 

Holston  loam 

Indian  loam 

Lickdale  clay  loam 

LIckdale  stony  loam 

Meigs  clay  locun 

Montevallo  stony  loam 

Morrison  fine  sandy  loam 

Morrison  sand 

Morrison  sandy  loam , 

Paris  loam 

Pilot  gravelly  loam , 

Pilot  loam 

Rock  outcrop,   Rough    stony    land, 
Rough  broken  land.  Riverwash. 


Talladega  slate  loam . . 
Talladega  stony  loam. 


States  in  which  each  type  has  been  found. 


Total  area. 


Total 


AlatMtma , 

Pennsylvania 

TennesHce 

Arkansa.«« ,■... 

Tennessee 

Tennessee,  Virginia 

Tennessee 

Virginia 

Pennsylvania,  Tennessee 

Alabama 

Ohio 


Alabama 

Pennsylvania 

do 

do 

Virginia 

do 

South  Carolina,  Virginia 

Alabaipa.  Arkansas.  Kentucky,  North  Carolina, 

Ohio.  Pennsylvania.  South  Carolina,  Tennessee, 

Virginia,  West  Virginia. 

Alabama 

do 


Acres. 

1.664 

S.328 

26.762 

38.912 

20.288 

676 

1,472 

3» 

33,040 

4,416 

395,712 

4,082 

1,600 

676 

2,660 

1.636 

2.762 

42,752 

800.83;} 


95,552 
15,562 

1,494,289 
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LIMESTONE  VALLEYS  AND  UPLANDS. 


The  limestone  soils  are  among  the  most  extensively  developed  of 
any  in  the  United  States  and  occur  in  both  broad  upland  and  inclosed 
narrow  valley  areas.  The  greatest  upland  development  is  seen  upon 
the  Cumberland  Plateau  in  eastern  Tennessee  and  Kentucky  and 
upon  the  Carboniferous  formation  in  central  Tenne&see  and  Ken- 
tucky, northern  Alabama  and  Georgia,  and  in  Missouri.  The  valley 
soils  are  found  principally  in  Pennsylvania,  Maryland,  and  Virginia, 
and  in  the  mountain  section  of  eastern  Tennessee  and  Kentucky  and 
northern  Alabama  and  Georgia.  The  topography  of  the  plateau 
soils  varies  considerably.  In  the  Cumberland  Plateau  and  Highland 
Rim  the  surface  is  undulating;  in  the  region  of  the  Ozark  uplift  in 
Missouri  and  Arkansas  it  is  quite  rough  and  hilly,  and  where  there 
is  an  elevation  of  the  surface,  or  where  the  plateau  is  deeply  dis- 
sected by  erosion,  it  presents  a  quite  mountainous  topography.  The 
valley  soils  of  the  Appalachian  region  also  show  considerable  topo- 
graphic relief,  sometimes  exhibiting  mountainous  surface  features. 

The  limestone  soils  are  residual  in  origin,  being  derived  from  the 
weathering  in  place  of  limestone  of  differing  age  and  composition. 
This  is  accomplished  by  the  removal  through  solution  of  the  calcium 
carbonate  of  the  limestone,  leaving  behind  the  more  resistant  siliceous 
minerals.  These  soils  are  remarkable  for  the  fact  that  they  contain 
but  a  very  small  percentage  of  the  original  limestone  rock,  the  larger 
part  having  gone  into  solution.  It  has  thus  required  the  solution  of 
many  feet  of  rock  to  form  a  single  foot  of  soil.  Thus  far  the  lime- 
stone soils  east  of  Kansas  and  Texas  and  north  of  central  Alabama 
and  Georgia  have  been  grouped  in  two  important  series,  known  as  the 
Hagerstown  and  Clarksville. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
6,052,926  acres, 

Clarksville  series. 

The  Clarksville  sejies  is  derived  largely  from  cherty  and  fossilifer- 
ous  limestone  of  the  St.  Louis  group  of  the  Subcarboniferous  forma- 
tion. These  soils  occur  in  both  the  level  and  undulating  uplands 
and  in  rough,  hilly  country  with  steep  valleys.  When  the  latter 
surface  features  predominate  the  soils  are  generally  unproductive 
and  very  stony,  but  in  some  sections  are  adapted  to  fruit,  especially 
apples.  The  soils  formed  from  beds  of  purer  limestone  occupying 
level  and  gently  rolling  areas  are,  as  a  rule,  very  productive,  and 
are  adapted  to  wheat,  corn,  and  tobacco. 

The  soils  of  the  Clarksville  series  are  not  nearly  so  productive  as 
those  of  the  Hagerstown,  yet  they  are  important  agriculturally  as 
producing  special  crops.  The  stony  loam  and  silt  loam,  usually  oc- 
curring together,  arc  the  most  extensive  and  widely  distributed  of  the 
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series.  The  former  has  "become  prominent  in  the  fruit  industry  in  the 
Ozark  Plateau  region,  where  it  is  extensively  used  in  the  production 
of  apples  and  peaches.  The  silt  loam  is  generally  known  as  "  Bar- 
rens" and  "  Flatwoods,"  and  is  largely  forested,  but  late  years  have 
seen  the  specializing  of  cantaloupe  and  strawberry  growing  on  this  soil 
in  the  Highland  Rim  region  of  Tennessee.  In  Tennessee  and  Ken- 
tucky this  soil  produces  an  excellent  grade  of  export  tobacco.  It  is  a 
droughty  soil  and  not  considered  strong,  but  with  good  treatment 
fair  yields  of  the  staple  crops  can  be  produced.  The  clay  loam  is  a 
strong,  fertile  soil  and  considered  the  best  general  farming  soil  of  the 
series.  It  produces  heavy  yields  of  the  export  variety  of  tobacco, 
but  not  a  superior  quality  of  leaf.  A  large  part  of  these  soils  is 
forested,  the  growth  consisting  mostly  of  oaks,  but  other  trees  are 
also  represented.  The  acreage  of  the  types  so  far  encountered  is  as 
follows : 

Area  and  distribution  of  the  soils  of  the  Clarksville  series. 
Soil  DHine.  >       States  In  which  each  type  has  lx>eii  found.       ,  Total  area. 


ClarksylUe  stony  loam  a 


Acres. 

Alabama,  Arkansas,  Missouri,  Tennessee 2, 277, 140 

gravelly  sandy  loam Alabama 6, 876 

ne  sandy  loam do 1 ,  856 

loam I  Alabama,  Tennessee 86, 720 

silt  loam ,  Alabama,  Arkansas,  Kentucky,  Missouri,  Ten-  1,215,362 

I     nessec.  i 

clayloamb ,  Kentucky,  Tennessee 86,868 


Total 8,623,322 


"  The  soli  mapped  a.s  Clarksville  stony  loam  in  the  Dubuque  area,  Iowa,  and  Wichita  area, 
Kansas,  is  now  classed  as  Rough  stony  land. 

*The  soil  mapped  as  Clarksville  clay  loam  in  Lauderdale  County,  Ala.,  and  Lawrence 
County,  Tenn.,  Is  the  llagerstown  loam. 

Cumberland  series. 

Many  of  the  larger  streams  traversing  the  limestone  regions  for- 
merly flowed  at  considerably  higher  levels,  and  this  resulted  in  the 
formation  of  more  or  less  distinct  erosion  terraces.  Upon  these  ter- 
races was  deposited  a  thin  stratum  of  sedimentary  material.  The 
surface  soils  are  therefore  partly  sedimentary,  while  the  subsoils  are 
residual  from  the  underlying  limestones.  The  surface  soils  are  brown 
to  yellowish  brown  in  color,  while  the  subsoils  are  yellow  to  reddish 
yellow. 

The  Cumberland  series  comprise  high  terrace  soils  in  the  lime- 
stone region  of  the  South.  The  loam  is  adapted  to  the  general  farm 
crops,  to  truck,  and  to  fruit.  In  its  more  southern  areas  cotton  is  an 
important  and  very  profitable  crop.  A  small  area  of  fine-  sandy  loam 
has  been  mapped.  This  member  of  the  series  is  used  chiefly  for  corn 
and  cotton,  but  is  also  adapted  to  small  fruits  and  vegetables,  though 
these  latter  crops  are  not  grown  on  the  areas  encountered  to  the 
present  time.  Only  a  limited  area  of  the  gravelly  loam  and  clay  loam 
has  been  found. 
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The  acreage  of  the  tyi)es  so  far  mapped  is  as  follows: 

Arva  and  ilistrihution  of  thr  soih  of  the  iUtmbvvland  aeries. 


Soil  iiaiiic. 


Stales  in  which  each  ty{K'  has  l^ei'ii  found. 


Cumberl^Hiid  Kravelly  loam 


Virginia 

tine  Handy  loam '  Alabama 

lojim Kentucky,  Tennewiee.  VIrKinia . 

clay  hmm '  Virginia 


Total 


Total 
area. 


Acrc$. 

3,840 

4,8&] 

60,480 

192 


69,376 


Decatur  series. 

The  Decatur  series  consists  of  reddisii-browii  to  red  soils  with 
intensely  red  or  blood-red  subsoils.  The  deep-red  color  forms  their 
distinguishing  characteristic.  They  are  derived  from  rather  pure 
hard  limestones,  and  outcrops  of  the  underlying  rock  are  not  un- 
common. They  form  valley  lands  occurring  principally  in  east 
Tennessee  and  Alabama. 

The  Decatur  soils  have  an  agricultural  value  intermediate  between 
the  Hagei*stown  and  the  Clarksville  series.  The  clay,  which  has 
been  found  only  in  Tennessee,  and  a  great  part  of  which  is  not  under 
cultivation,  makes  excellent  bluegrass  pastui'e.  I^ess  stony  areas  pro- 
duce moderate  yields  of  corn  and  wheat.  On  the  other  hand,  the 
clay  loam  is  an  excellent  general  farming  soil.  In  Tennessee  it  gives 
good  crops  of  wheat,  oats,  and  grass  and  other  forage  crops.  In 
Alabama  it  is  a  strong  cotton  soil,  and  is  also  good  grass  land,  heavy 
yields  of  both  orchard  and  Johnson  grass  being  secured.  The  silt 
loam,  while  a  good  general  farming  tyjje,  has  been  found  to  be 
especially  well  adapted  to  cantaloupes.  The  loam  likewise  is  a  fine 
general  farming  soil.  It  produces  good  crops  of  cotton  and  corn. 
Cotton  and  corn  are  also  produced  to  advantage  on  the  stony  loam, 
which  in  addition,  in  lighter  phases,  is  well  adapted  to  peach  culture. 
Some  fine  commercial  orchards  are  established  on  this  soil. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  dintribution  of  the  soih  of  the  Decatur  series. 


Soil  name. 


States  in  which  each  type  has  bc-cn  found. 


Decatur  stony  loam Alabama 

loam do 

sill  loam TcnncKsee 

clay  loam Alabama,  Tennessee,  Virginia 

clay  a Tennessee 


Total 


Total 
area. 


Aerer. 
85.69r. 
25,664 
960 
63,104 
15,040 


190,464 


•  The  Holl   mapped  as  Decatur  clay  in  the  <ireenvllle  area,   Tennessee,   ia  Hagerstown 
clay. 
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Hagerstown  series. 

The  Hagerstown  series  is  formed  mainly  from  the  solution  and 
subsequent  filtration  of  pure  massive  limestone  of  Cambro- Silurian 
age.  The  soils  of  this  series,  as  a  rule,  occur  in  valleys  bordered  by 
areas  of  the  more  resistant  sandstones  and  shales.  The  series  is  most 
typically  developed  in  the  limestone  valleys  of  the  Allegheny  Moun- 
tain region  and  in  the  central  basins  of  Kentucky  and  Tennessee,  but 
smaller  areas  are  found  as  marginal  deposits  in  the  adjoining  Pied- 
mont section  and  in  the  deep  valleys  of  the  Appalachian  Plateau, 
where  the  underlying  Umestones  have  been  exposed  to  weathering  by 
previous  deep  erosion.  The  most  productive  valley  phase  occui*s  in 
the  large  valley  between  the  Blue  Ridge  and  the  Allegheny  Mountains. 

The  important  loam  and  clay  types  form  the  greater  part  of  the 
Hagerstown  soils  so  far  covered  by  the  soil  survey.  It  is  these  two 
soils  that  have  given  agricultural  prominence  to  the  limestone  valleys 
of  the  eastern  United  States.  The  production  of  wheat  has  continued 
upon  these  soils  notwithstanding  the  competition  of  the  wheat  lands 
of  the  West.  They  constitute  the  bluegrass  region  of  Kentucky  and 
Tennessee  and  comprise  the  lands  of  the  important  Burley  tobacco 
district.  The  loam  is  the  typical  upland  corn  soil  of  the  valley  region 
of  central  Pennsylvania,  Maryland,*  and  the  Shenandoah  Valley  of 
Virginia.  Important  tomato-canning  industries  have  been  developed 
in  sections.  As  an  apple  soil  it  has  produced,  par  excellence,  the  Wine- 
sap,  York  Imperial,  and  some  other  varieties,  and  extensive  commer- 
cial orchards  are  found.  The  clay  loamf»is  recognized  as  one  of  the 
strongest  soils  for  general  agricultural  purposes  and  is  well  known  for 
its  large  crops  of  wheat,  corn,  and  grass.  The  stony  and  sandy  soils 
have  a  special  adaptation  for.  fruit,  commercial  orchards  of  peaches 
and  apples  being  established  in  many  sections  of  the  valley  region. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  diatributUm  of  the  mils  of  the  Hagerstown  Herien. 


Soil  name. 


StAtes  in  which  each  type  haa  been  found. 


Total  area. 


ACT€9. 

Hagentown  stony  loam A labama,  Pennsylvania,  Tennessee,  Virginia 288, 494 

stony  clay Alabama,  Kentucky,  Tennessee ,'i0,432 

sandy  loam '  Alabama.    Pennsylvania,   Tennessee,  Virginia,  ,  74,246 

West  Vir^nla. 

loam  a Alabama,  Kentucky,  Tennessee,  Pennsylvania,  1,045,702 

I      Virginia. 

silt  loam Pennsylvania,  Virginia 54, 592 

clay  loam do 28,930 

clayb Alabama,  Kentucky,  Pennsylvania,  Tennessee,  i  847,482 

,      Virginia,  West  Virginia.  I 

Total !  1.889,884 


*  Mapped  as  (^larksvllle  clay  loam  in  Lauderdale  County,  Ala.,  and  Lawrence  County, 
Tenn.,  and  an  Davidson  loam  in  Davidson  County,  Tenn. 

*  Mappod  as  T)«»catur  clay  In  tlio  (Jreon^villp  ar<»a,  Tennessee. 
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Miscellaneous  soils  of  the  limestone  valleys  and  uplands. 

The  Brooke  clay  loam  is  a  limestone  soil  found  in  West  Virginia 
in  the  region  bordering  the  Ohio  River.  It  has  considerable  value 
for  general  farm  crops. 

The  Conestoga  loam  of  Lancaster  and  Montgomery  counties,  Pa., 
is  recognized  as  an  excellent  soil  for  general  agriculture.  Though  a 
very  refractory  soil,  its  known  high  productiveness  for  wheat  and 
grass  makes  the  Conestoga  clay  one  of  the  most  desirable  soils  in  the 
Shenandoah  Valley  of  Virginia. 

The  Davidson  loam  is  a  limestone  soil,  modified  by  material  derived 
from  strata  of  sandstone  and  shale.  It  is  used  for  the  same  crops  as 
the  Hagerstown  loam. 

The  Fort  Payne  clay  loam  is  an  undesirable  soil  and  best  suited 
for  pasturage.  The  sandy  loam  on  the  other  hand  is  a  valuable  soil 
found  in  Michigan.  It  is  suited  to  a  variety  of  crops,  and  has  a 
marked  adaptation  for  potatoes,  which  are  of  superior  quality. 
Besides  the  general  farm  crops  it  is  well  fitted  to  produce  sugar 
beets  and  other  special  crops. 

The  Guthrie  clay  and  silt  loam  constitute  the  "  crawfish  lands  " 
occupying  depressions  in  limestone  areas.  While  of  some  value  for 
their  timber  growth,  they  are  extremely  poor  soils  for  agricultural 
purposes  in  their  present  undrained  condition. 

The  disintegration  of  the  water-lime  rocks  in  Pennsylvania  gives 
rise  to  the  Frankstown  stony  loam,  a  soil  easily  tilled  and  quite  gen- 
erally cultivated.  It  is  devoted  to  general  farm  crops,  of  which 
wheat  and  corn  yield  well.  This  soil  should  be  used  more  extensively 
for  clover,  pasture,  or  meadow  in  order  to  increase  the  humus  and 
prevent  washing  and  leaching. 

The  Moccasin  stony  clay  occupies  steep  slopes  with  outcropping 
limestone.     It  is  difficult  to  cultivate  and  is  best  suited  to  stock  raising. 

The  Murrill  clay  loam  produces  good  crops  of  wheat,  com,  grass, 
and  dark  shipping  tobacco. 

The  Newman  stony  loam  has  very  limited  extent ;  being  rough  it  is 
little  suited  to  cultivated  crops.     Grazing  is  its  principal  use. 

The  Radford  loam  is  a  high  terrace  soil  of  moderate  productive- 
ness. It  is  used  chiefly  for  corn  and  wheat,  with  hay  as  a  secondary 
crop.  Some  of  it  is  used  for  pasture.  It  has  a  wide  range  in  value, 
the  poorer  areas  being  valued  at  $10,  and  from  this  the  price  ranges  to 
$100  an  acre. 

Rock  outcrop,  Rough  stony  land,  Steep  broken  land.  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  miscellaneous  soils  of  the  limestone  valleys  and 

uplands. 


Soil  name. 


Brooke  cIaj  loam 

Conestoga  day 

Conestoga  loam 

Davidson  loam  a 

Fort  Payne  clay  loam . . . 
Port  Payne  sandy  loam . 
Frankstown  stony  loam 
Guthrie  clay  b 


Guthrie  tsilt  loam 

Moccasin  stony  clay 

Murrill  clay  loam 

Newman  stony  loam 

Radford  loam , 

Rock  outcrop,  Rough  stony  land.  Steep  broken 
land,  Rougn  broken  land,  Riverwash. 


Total. 


West  Virginia 
Tennessee,  Virginia 
Pennsylvania 
Tennessee 
do 

Michigan 

Pennsylvania 

Alabama,  Arkansas,  Kentucky,  Tennech 

Alabama,  Tennessee 

Tennessee 

Virginia 

Tennessee 

Virginia 

Missouri,  Tennessee 


Total 
area. 


Acres. 

88,464 

61,128 

02,844 

20,852 

9,686 

7,986 

2,048 

58,608 

448 

8,840 

15,720 

896 

704 

9,856 


279,880 


*  The  soil  mapped  as  the  Davidson  loam  In  Davidson  County,  Tenn.,  is  the  Hagerstown 
loam. 

»The  soil  mapped  as  Guthrie  clay  in  Posey  County,  Ind.,  is  Waverly  clay  loam. 


GLACIAI.  AND  LOESSIAL  REGIONS. 


The  soils  of  the  glaciated  part  of  the  country  constitute  one  of  the 
most  important  groups  in  the  United  States.  This  group  includes  all 
soils  derived  directly  from  till  or  loess.  The  soils  formed  from  the 
till  are  confined  to  that  part  of  the  country  lying  north  of  the  south- 
ern limit  of  glacial  action,  but  the  loess  soils  occur  also  south  of  this 
line,  especially  along  the  Mississippi  and  Ohio  rivers  and  in  Kansas 
and  Nebraska.  The  line  of  the  southern  extension  of  the  ice  sheet 
touches  the  Atlantic  coast  about  New  York  City,  passes  through 
northern  New  Jersey,  southern  New  York,  and  northwestern  Penn- 
sylvania, swings  southwestward  through  Ohio  to  Cincinnati,  crosses 
the  Mississippi  River  at  St.  Louis,  and  follows  the  south  side  of  the 
Missouri  River  into  Montana,  where  it  crosses  the  Canadian  boundary 
line,  then  dips  southward  into  Idaho  as  a  long  lobe  in  the  mountain- 
ous nbnagricultural  region,  and  crosses  the  northwestern  part  of 
Washington,  including  the  Puget  Sound  region. 

Practically  all  of  the  United  States  north  of  this  line  was  covered 
in  recent  geological  time  by  a  great  continental  glacier,  many  hun- 
dreds, and  even  thousands,  of  feet  in  thickness.  This  great  ice  sheet, 
moving  in  a  southern  direction,  filled  up  valleys,  planed  off  the  tops 
of  hills  and  mountains,  ground  up  the  underlying  rocks,  carried  the 
derived  material  both  within  and  upon  the  ice,  and  finally  deposited 
the  gravel,  sand,  silt,  and  clay  as  a  mantle,  varying  in  thickness  from 
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a  few  feet  to  more  than  300  feet.  Often  this  material  has  been  trans- 
ported hundreds  of  miles,  and  is  wholly  unrelated  to  the  underlying 
rocks,  but  in  some  places  the  movement  has  been  slight,  and  the  drift 
consists  very  largely  of  the  ground-up  underlying  rock.  Over  a 
large  proportion  of  the  area  covered  by  the  drift  and  also  along  the 
Ohio  and  Mississippi  rivers  and  in  Kansas  and  Nebraska  the  surface 
material  consists  of  a  fine  silty  deposit,  known  geologically  as  "  loess  " 
and  "  plains  marl."  In  the  classification  of  the  glacial  soils  three 
important  series — Miami,  Marshall,  and  Volusia — having  distinct 
characteristics  have  been  recognized,  and,  in  addition,  quite  a  number 
of  miscellaneous  soils  which  can  not  be  put  in  any  series. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
22,417,832  acres. 

Marshall  series. 

The  Marshall  series  includes  the  dark-colored  upland  glacial  and 
loessial  soils,  which  cover  almost  all  of  the  great  prairie  region  of 
the  central  West.  The  soils  of  this  series  are  characterized  and  dis- 
tinguished from  those  of  the  Miami  series  by  the  relatively  large 
quantity  of  organic  matter  in  the  surface  soils,  which  gives  them  a 
dark-brown  to  black  color.  The  topography  is  level  to  rolling,  and 
artificial  drainage  is  necessary  on  many  level  and  low-lying  areas  to 
secure  the  best  results.  The  soils  of  this  series  are  very  productive 
and  constitute  the  great  corn  soils  of  the  country. 

The  Marshall  silt  loam,  loam,  and  clay  loam  constitute  the  prin- 
cipal soil  types  throughout  the  great  corn  belt  and  rank  among  the 
most  productive  of  our  general  farming  soils.  In  Iowa,  Illinois,  and 
Nebraska  corn,  oats,  clover,  and  timothy  are  the  leading  crops,  while 
in  Minnesota  and  the  Dakotas  wheat  becomes  of  primary  importance. 
The  Miami  black  clay  loam  when  drained  is  also  an  exceedingly  fer- 
tile soil,  being  particularly  well  adapted  to  corn.  The  sandy  loam 
and  fine  sandy  loam,  while  not  so  well  adapted  to  general  farming  as 
the  heavier  soils,  are  quite  productive  and  have  a  wide  crop  adapta- 
tion. The  sand  and  fine  sand  are  well  suited  to  truck  crops,  but  give 
rather  uncertain  yields  of  general  farm  crops. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Marshall  series. 


Soil  name. 


Marshall  stony  loam  . . . 

gravel  a 

gravelly  lofim. 

sand 

fine  sand 


States  in  which  eaoh  type  hus  been  found.       ;  Total  area. 


ACTCf 

North  Dakota,  South  Dakota 84,096 

Minnesota,  North  Dakota |  2, 600 

Kansas,  Minnes(.)ta,  North  Dakota,  WlM'ousin 106, 816 

Indiana,  Iowa,  Wisconsin 62, 736 

Indiana,  Iowa,  Minnesota,  Nebraska,  North  Da-  54,272 
kota. 

*  The  soil  mapped  as  Marshall  gravel  in  Pontlac  area,  Michigan,  is  Miami  gravelly  sand. 
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Area  and  distrihution-of  the  soils  of  the  Marshall  series — Continued. 

Soil  name. 

States  in  which  each  type  has  been  found. 

Total  area. 

Marahif  II  sandv  loam 

Illinois,  Indiana,  Kansas,  Minnesota.  South  Da- 
kota. 

Indiana,  Minnesota,  Nebraska,  North  Dakota 

Illinois>,  Indiana,  lowu,  Michigan,  Minnesota, 
Nebraska,  North  Dakota,  South  Dakota,  Wis- 
consin. 

Colorado,  Illinois,  Indiana,  Iowa,  Kansas,  Louisi- 
ana, Minnesota,  Missouri,  Nebraska,  North  Da- 
kota, Wisconsin. 

Iowa,  Minnesota,  North  Dakota,  Wisconsin 

Illinois,  Indiana,  Iowa,  Michigan,  Minnesota, 

Acret. 
261,440 

fine  sandy  loam 

111,  168 

loam 

1,680,832 

nilt  loam <*  -,.,,r^ „r 

4,464,470 

clay  loam 

600,320 

black  clay  loamb 

672,176 

clay 
Total.. 


North  Dakota,  Ohio,  South  Dakota,  Wisconsin. 
North  Dakota 


76,800 


8,057,686 


■  Mapped  as  Miami  silt  loam  in  Clinton  and  St.  Clair  counties,  111.,  and  as  Fresno  fine 
sandy  loam  in  Lower  Arkansas  Valley  area,  Colorado. 

^The  soil  mapped  as  Miami  (now  Slarsball)  black  clay  loam  In  the  Toleda  area,  Ohio, 
is  Clyde  clay. 

Miami  series. 

The  Miami  series  is  one  of  the  most  important,  widely  distributed, 
and  complete  soil  series  that  has  been  established.  The  series  is 
characterized  by  the  light  color  of  the  surface  soils,  by  derivation 
from  glacial  material,  and  by  being  timbered  either  now  or  originally. 
The  heavier  members  of  the  series  are  better  adapted  to  wheat  than 
the  corresponding  members  of  the  Marshall  series,  but  they  do  not 
produce  as  large  yields  of  corn. 

The  clay  loam  is  the  most  important  for  general  farming,  and 
forms  the  principal  type  of  soil  in  western  Ohio  and  central  and 
eastern  Indiana.  It  is  especially  well  adapted  to  small  grain  and 
grass  crops.  The  silt  loam  is  more  rolling  and  hilly  than  the  clay 
loam  and  is  not  so  well  suited  to  general  farming.  Wheat  does  better 
upon  it  than  upon  the  Marshall  silt  loam,  with  which  it  is  closely  asso- 
ciated, but  the  yields  of  com  are  considerably  less.  It  is  also  well 
adapted  to  fruit,  especially  apples.  The  sandy  loam  and  fine  sandy 
loam  are  used  for  general  agriculture,  but  are  especially  adapted  to 
medium  and  late  truck  crops  and  fruit.  The  loam  is  suited  to  corn 
and  potatoes,  while  small  grain  and  grass  are  grown,  but  with  less 
succe&s  than  upon  the  clay  loam.  Strawberries  and  raspberries,  as 
well  as  other  small  fruits,  do  well  on  this  type.  The  stony  sand, 
gravelly  sand,  and  gravel  are  not  of  much  agricultural  value  under 
present  conditions.  The  stony  loam  is  a  good  general  farming  soil, 
is  also  well  adapted  to  apples,  and  furnishes  excellent  pasture,  while 
in  New  York  alfalfa  is  grown  upon  it  very  successfully.  The  stony 
sandy  loam  and  gravelly  sandy  loam  are  not  strong  soils,  but  are 
fairly  well  suited  to  light  farming,  fruit,  and  truck.  The  sand  and 
fine  sand  are  not  adapted  to  general  farming,  but  are  the  best  early 
truck  soils  of  this  section. 
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The  acreage  of  the  different  types  so  far  encountered  is  as  follows: 

Area  and  distrilmtion  of  the  sods  of  the  Miami  series. 


Soil  name. 

States  in  which  each  type  has  been  found. 

Total  area. 

Miami  stODv  sand 

Michigan,  New  York,  Washington.  Wisconsin. . . . 
New  York,  Rhode  Island,  Vermont, Washington. . 
Michigan,  MinnesoU,  New  York,  Ohio,  Rhode 

Island^ashington,  Wisconsin. 
Illinois.  Wisconsin 

Aera. 
100,278 

stony  sandy  loam 

267,828 

stony  loam 

879,  OM 

gravel  

21,376 
91.242 

navelly  sand  • 

Michigan,  WiMihington  .........            , . . , 

gravelly  sandy  loam 

Indiana,  Michigan,  Minnesota,  Wsshington 

Indiana.  Michfffan.  0*»io 

68,624 

iravell V  loam'fr 

71.282 

sand  ..♦ 

Indiana,    Kansas,    Michigan,    Minnesota,  Ne- 
braska, Ohio,  Wisconsin. 

Illinois,  Indiana,  Iowa,  Kansas,  Michigan,  Min- 
nesota, Missouri,  Nebraska,  New  York,  Wis- 
consin. 

Indiana,   lowa^  Michigan,   Minnesota,  Ohio, 
Washington.  Wisconsin. 

796,720 

fine  sand 

263,564 

mndy  loam  o.r.r. .....,,,,. 

745,460 

fine  sandy  loam  ^ 

180,816 

loam  '. .  /. 

Indiana.  Michhran.  Wisconsin 

214,720 

idlt  loam/ 

Illinois,  Indiana,  Iowa.  Kentucky,  Missouri,  Ne- 
braska, Rhode  Island,  Wisconsin. 

Indiana,  Iowa,   Michigan,  Ohio,  Washington, 
Wisconsin. 

1,961,488 
1.881.818 

clay  loam  9 

Total 

7.42?.7#?0 

•Mapped  as  Marshall  gravel  in  Pontlac  area,  Michigan. 

*The  soil  mapped  as  Miami  sravelly  loam  in  the  Big  Flats  area  and  Syracuse  area. 
New  York,  is  the  Dunkirk  gravelly  loam. 

«  The  soil  mapped  as  Miami  sandy  loam  in  the  Grand  Forks  area.  North  Dakota,  la  the 
Clyde  fine  sandy  loam ;  in  the  Montgomerv  County  area,  Ohio,  is  Wabash  sandy  loam ;  and 
in  Posey  County  area,  Indiana,  is  wabash  fine  sandy  loam. 

'  The  soil  mapped  as  Miami  fine  sandy  loam  in  Posey  County,  Ind.,  and  Union  Count/, 
Ky.,  is  Waver ly  nne  sandy  loam ;  in  the  Boonvllle  area,  Indiana,  is  the  Norfolk  fine  sandy 
loam ;  in  the  Lvons  and  Syracuse  areas.  New  York,  Is  Dunkirk  fine  sandy  loam ;  and  In 
St.  Claire  County,  111.,  Is  Memphis  silt  loam. 

'  The  Miami  loam  in  the  Auburn,  Lyons,  and  Syracuse  areas.  New  York ;  the  Columbus, 
Coshocton,  Montgomery.  Toledo,  and  westeryille  areas,  Ohio ;  the  Fargo  and  Grand  F*orks 
areas.  North  Dakota ;  tne  Marshall,  Minnesota,  and  Pontiac  areas,  li^ichigan ;  and  the  VI- 
roqua  area,  Wisconsin,  is  Wabash  loam.  The  soil  mapped  as  Miami  loam  In  Tazewell 
County,  111.,  Is  Sioux  loam,  and  that  mapped  as  Miami  loam  In  the  Janesville  area,  Wis- 
consin, is  the  Sioux  sandy  loam. 

f  The  soil  mapped  as  Miami  silt  loam  In  the  Syracuse  area.  New  York,  is  Dunkirk  silt 
loam,  and  that  mapped  as  Miami  silt  loam  in  Clinton  and  St.  Claire  counties.  111.,  is  Mar- 
shall silt  loam. 

9  The  soil  mapped  as  Miami  clay  loam  in  Toledo  area,  Ohio,  is  Dunkirk  clay  loam,  and 
that  mapped  as  Miami  clay  loam  In  the  Stuttgart  area,  Arkansas,  is  Crowley  silt  loam. 

Volusia  series. 

The  soils  of  the  Volusia  series  are  derived  from  the  feeble  glaciation 
of  the  shales  and  sandstones  of  the  Devonian  and  the  Upper  Carbonif- 
erous rocks  of  eastern  Ohio,  southern  New  York,  and  northern  Penn- 
sylvania. In  all  cases  the  underlying  shales  and  sandstones  have 
given  rise  to  a  large  proportion  of  the  soil  material,  and  this  has  been 
modified  to  a  varying  degree  by  glacial  material  brought  in  from 
other  regions. 

Topographically  the  soils  of  the  Volusia  series  occupy  the  upland 
portion  of  the  plateau  country  which  slopes  north  and  west  from  the 
Allegheny  Mountains.  In  the  higher,  more  easterly  portions  of  the 
glaciated  section  of  the^  plateau  deep  preglacial  erosion  has  cut  the 
upland  into  blocky  rounded  or  flat-topped  hills  separated  by  deep, 
steep-sided  gorges.  Farther  west,  where  the  elevations  are  less,  this 
topographic  feature  is  not  so  pronounced,  and  the  series  occupies 
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rolling  hills  divided  by  deep  valleys.  Under  cultivation  all  of  the 
soils  of  the  series  are  well  adapted  to  the  production  of  potatoes, 
timothy,  and  small  grains,  particularly  oats  and  buckwheat.  At  lower 
elevations  wheat  and  corn  give  good  yields. 

The  Volusia  loam  and  silt  loam  are  the  most  important  types  of 
the  series.  The  surface  of  the  loam  is  less  rolling  than  that  of  the 
silt  loam.  The  former  is  well  adapted  to  the  production  of  potatoes, 
grass,  oats,  buckwheat,  and  corn  in  less  elevated  portions.  Apples  are 
also  grown  to  advantage-  throughout  a  considerable  part  of  its  extent. 
The  silt  loam  occupies  rolling  and  hilly  land  and  is  frequently  inter- 
rupted or  bordered  by  steep  slopes  not  suited  to  agricultural  purposes. 
Where  properly  cultivated  it  is  a  good  soil  for  timothy  and  small 
grain.  Owing  to  the  hilly  character  of  the  country,  transportation  by 
wagon  is  rather  difficult,  and  the  type  should  be  used  more  for  the  rais- 
ing of  cattle  and  sheep,  in  order  to  utilize  its  known  capabilities  for 
the  production  of  hay  and  oats,  rather  than  for  the  growing  of  bulky 
grain  products  which  must  be  hauled  to  market  at  considerable  cost. 
The  stony  loam  is  rather  above  the  average  of  the  other  members  of 
the  series  for  general  farming.  On  well-drained  areas,  particularly 
on  northern  and  northwestern  slopes,  apple  orchards  are  highly  suc- 
cessful. The  gravelly  loam  and  clay  loam,  while  only  of  very  limited 
occurrence,  are  good  soils,  the  former  being  particularly  adapted  to 
apples  and  the  latter  to  grasses.  There  are  large  areas  of  these  soils 
which  are  not  as  highly  developed  as  they  should  be  or  as  they  have 
been  in  the  past.  The  acreage  of  the  types  so  far  encountered  is  as 
follows: 

Area  and  distrihutian  of  the  soils  of  the  Volusia  series. 


Soil  name. 


VoluslA  stony  loam 


ffravelly  loam 
loai 


loam 

silt  loam., 
clay  loam 


Total. 


States  in  which  each  type  has  been  found. 


New  York 

do 

New  York,  Ohio 

Indiana,  New  York,  Ohio. 
New  York 


Total 
area. 


Acres. 

12,362 

4,608 

464,674 

669,964 

6,962 


1,067,670 


MiBcellaneoas  soils  of  the  erladal  and  loessial  reerions. 

The  Allis  clay,  which  is  a  residual  soil  derived  from  the  weathering 
of  light-colored  shales,  is  adapted  to  general  farm  crops  and  to  dairy 
farming.  Com,  oats,  and  hay  are  the  principal  crops  grown,  and  all 
do  well. 

The  Allis  shale  loam  is  closely  related  to  the  clay,  but  contains  a 
large  percentage  of  shale  fragments.  The  type  occupies  steep  slopes 
and  is  well  adapted  to  grains  and  grasses.  Owing,  however,  to  its 
rough  topography  it  is  probably  best  used  as  pasture. 
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The  Bamum  loam  is  closelv  associated  with  the  stonv  loam.  The 
surface  is  rolling  and  natural  drainage  is  usually  good.  It  is  derived 
from  the  "  red  till,"  and  is  adapted  to  hay,  oats,  and  wheat. 

The  Barnum  stony  loam  has  a  rolling  and  hilly  surface  and  consti- 
tutes a  part  of  what  is  known  as  the  '"  red  till."  Where  not  too  rough 
and  stony  it  is  adapted  to  oats,  ha}^  and  wheat. 

The  Bellingham  silt  loam  occupies  small,  poorly  drained  basins. 
It  is  used  chiefly  for  growing  hay,  but  when  underdrained  it  produces 
good  yields  of  vegetables.  Both  clover  and  timothy  do  well  on  this 
type. 

The  Bemardstown  loam  occurs  in  very  broken  and  hilly  areas  and 
outcrops  of  the  underlying  argillaceous  rocks  are  very  common.  It  is 
very  productive,  being  particularly  fine  for  grass  and  grazing,  and 
also  produces  excellent  crops  of  com,  oats,  and  rye. 

The  topography  of  the  Bloomfield  sandy  loam  varies  from  gently 
rolling  hills  to  hummocks  consisting  of  small  mounds  and  narrow 
ridges  of  low  relief.  It  produces  fairly  good  crops  of  corn,  wheat, 
rye,  and  clover,  while  truck  crops  and  also  tree  fruits,  such  as  cherries, 
apples,  and  peaches,  do  well. 

The  Cassadaga  sand  occurs  usually  in  upland  valleys  and  is  com- 
monly wooded.  The  soil  is  inclined  to  be  wet  and  marshy  and  is  in 
need  of  drainage.  Very  little  of  this  type  is  under  cultivation  and  it 
has  at  present  little  agricultural  value.  If  it  were  cleared  and 
drained  it  would  probably  be  suited  to  grass. 

Custer  loam  produces  fair  yields  of  oats  and  hay,  an3  when  well 
cultivated  the  better  drained  areas  produce  good  yields  of  potatoes 
and  other  vegetables.  The  average  yield  of  clover  is  estimated  at  2 
to  3  tons,  and  of  oats  at  about  40  to  50  bushels  per  acre.  When 
drained  its  agricultural  value  will  be  greatly  increased. 

The  Custer  silt  loam  is  a  very  productive  soil.  The  principal  crops 
are  oats  and  hay,  the  former  averaging  50  to  60  bushels  per  acre, 
although  as  high  as  80  or  100  bushels  have  been  secured.  Timothy 
and  clover  do  well,  producing  2  to  3  tons,  but  3^  to  4  tons  is  not  an 
uncommon  yield.  Canadian  field  peas  are  successfully  grown,  yield- 
ing 40  to  50  bushels  per  acre.  Irish  potatoes  do  well  on  well-drained 
land,  often  yielding  300  to  400  bushels.  Tree  fruits  and  small  fruits, 
and  beets,  peas,  cabbage,  and  other  truck  make  profitable  yields. 

The  Dover  fine  sandy  loam  is  a  light,  friable  soil,  and  were  it  not 
for  the  rough  surface  and  outcrops  of  the  underlying  dolomite  would 
be  easy  to  cultivate.  The  tj^pe  is  quite  productive,  but  is  devoted 
largely  to  pasture. 

The  Dover  loam  is  considered  a  strong  soil  for  all  general  farm 
crops  grown  in  the  section  where  it  occurs,  and  is  especially  prized 
for  pasture.     It  is  also  fairly  well  adapted  to  fruit. 
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The  Dutchess  silt  loam  is  practically  all  cleared  and  cultivated, 
being  used  principally  for  pasture  and  hay.  Fruits,  especially  apples, 
are  also  grown  with  success  where  position  and  climatic  conditions 
are  favorable. 

The  surface  of  the  Dutchess  slate  loam  is  rather  broken  and  hilly, 
and  outcrops  of  the  underlying  slate  are  frequent.  It  is  largely 
devoted  to  grass  and  makes  good  hay  and  pasture.  In  general  it  is 
considered  a  thin  soil,  requiring  fertilization  to  give  the  best  yields. 

Except  where  fruit  is  grown,  the  Dutchess  stony  loam  is  not  gener- 
ally desired  as  farming  land  because  of  its  rough  surface.  It  seems 
peculiarly  adapted  to  the  growing  of  violets,  and  supplies  the  soil  for 
the  greenhouses  about  Ehinebeck,  N.  Y.  Grass  does  well  and  the 
type  makes  good  pasturage. 

The  Gloucester  loam,  w^hich  has  resulted  from  the  feeble  glaciation 
of  mica  schists,  is  considered  an  especially  strong  soil  for  grass,  and 
large  crops  of  timothy,  redtop,  and  clover  hay  are  harvested.  The 
sections  where  it  occurs  are  therefore  largely  devoted  to  dairying. 

The  Gloucester  stony  loam  constitutes  a  considerable  proportion  of 
the  glacial  soils  of  New  England.  Very  little  of  it  is  cleared  and 
under  cultivation,  and  it  is  covered  for  the  most  part  with  a  stunted 
growth  of  chestnut  oak,  white  birch,  and  undergrowth.  Some  corn 
and  potatoes  are  produced,  but  only  light  yields  are  obtained.  In 
Merrimack  County,  N.  H.,  it  is  used  to  considerable  extent  for  the 
production  of  hay  and  for  pasture.  The  type  as  a  whole  is  best 
suited  to  forestry  and  pasture,  though  in  some  places  orcharding 
should  be  profitable. 

The  Gloucester  stony  sandy  loam  occurs  throughout  a  large  portion 
of  New  England  and  consists  of  glacial  material  composed  prin- 
cipally of  crystalline  rocks.  The  type  occupies  the  tops  and  slopes  of 
hills.  It  is  not  a  strong  soil,  but  is  fairly  well  adapted  to  the  produc- 
tion of  com,  oats,  and  grass.     Apples  also  do  well. 

Owing  to  the  stiff,  tenacious  character  of  the  soil  and  its  location 
on  the  steep  sides  of  bluffs,  the  Hobart  clay  has  but  little  value  except 
as  a  sheep  and  cattle  pasture. 

The  Holyoke  stony  loam  occupies  rough  and  mountainous  country 
and  is  devoted  chiefly  to  pasture,  though  it  is  used  to  some  extent  for 
fruit. 

The  Judson  loam  is  an  unimportant  type  occurring  as  a  coUuvial 
deposit  along  the  foot  of  the  uplands.  It  is  admirably  suited  to  fruit, 
especially  apples.  Good  crops  of  corn,  wheat,  cabbage,  and  potatoes 
are  raised,  but  only  a  small  part  of  the  type  is  at  present  under  culti- 
vation. 

The  Lexington  silt  loam  is  derived  from  the  loess  and  closely  re- 
sembles the  Memphis  silt  loam,  but  the  deposit  of  loess  is  very  thin, 
the  surface  is  more  hilly  and  broken,  and  the  soil  is  in  places  modi- 
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fied  by  the  underlying  Lafayette  formation.    The  soil  is  adapted  to 
com,  cotton,  forage  crops,  vegetables,  and  strawberries. 

The  Lynden  gravelly  loam  is  covered  by  a  heavy  growth  of  virgin 
forest.  The  soil  seems  especially  adapted  to  the  growing  of  fruits, 
and  much  of  the  cleared  land  is  used  for  their  production.  Apples, 
pears,  plums,  prunes,  etc.,  do  exceeding  well  and  the  acreage  devoted 
to  orchards  is  annually  increasing.  Very  fair  yields  of  Irish  potatoes 
have  been  secured. 

The  Lynden  sandy  loam  is  still  covered  by  a  heavy  timber  growth. 
When  properly  cultivated  it  produces  profitable  yields  of  potatoes, 
fruits,  and  small  fruits.  Both  clover  and  timothy  have  been  success- 
ful. The  soil  will  grow  early  vegetables,  returning  large  yields. 
Field  and  garden  peas  produce  50  to  60  bushels  per  acre.  Orchards 
flourish,  particularly  the  apple,  pear,  plum,  prune,  and  cherry  trees. 

Lynden  silt  loam  is  well  adapted  to  fruit  growing.  Large  yields 
of  apples,  pears,  plums,  prunes,  and  cherries  are  obtained,  and  the 
fruit  is  of  fine  quality.  Raspberries  and  blackberries  are  grown  to  a 
limited  extent  and  do  well ;  strawberries  do  exceedingly  well.  Clover 
and  timothy  make  good  yields  of  fair  quality  hay,  and  Irish  potatoes 
return  200  bushels  per.  acre.    Vegetables  also  prove  profitable. 

The  Lynden  fine  sandy  loam  supports  a  heavy  forest  of  fir  and 
cedar,  and  a  dense  undergrowth.  Oats  yield  50  bushels,  and  Irish 
potatoes  200  bushels  on  an  average  per  acre.  Clover  and  timothy 
have  proved  successful  on  a  limited  acreage.  Cabbage,  cauliflower, 
carrots,  pumpkins,  garden  peas,  cucumbers,  and  other  vegetables  do 
well.  Canadian  field  peas  yield  from  50  to  60  bushels  per  acre.  Many 
small  orchards  of  various  kinds  of  fruit  produce  large  yields. 

The  Madison  loam  frequently  has  poor  drainage,  but  is  a  good  soil 
for  corn,  hay,  and  truck  crops,  especially  cabbage,  tomatoes,  and 
berries. 

Madeland  includes  a  small  area  where  fills  have  been  made. 

A  large  proportion  of  southern  Illinois  is  occupied  by  Marion  silt 
loam.  The  type  occupies  level  prarie  land  and  is  characterized  by 
hard  silty  clay  subsoil  locally  known  as  "hardpan."  It  is  low  in 
organic  matter  and  this  combined  with  the  impervious  nature  of  the 
subsoil  causes  crops  to  suffer  in  wet  as  well  as  dry  years.  Wheat, 
corn,  and  grass  are  the  principal  crops,  but  the  average  yields  are 
considerably  lower  than  upon  the  black  prairie  soils.  It  seems  espe- 
cially well  adapted  to  apples,  and  many  large  orchards  have  been 
planted.    Strawberries  also  do  well. 

The  Memphis  silt  loam  is  one  of  the  most  extensive  soil  types  of 
the  United  States.  It  is  derived  from  the  deposit  of  loess  which  bor- 
ders the  Mississippi  throughout  a  large  part  of  its  course.  It  occu- 
pies the  uplands  and  is  subject  to  serious  erosion,  especially  in  south- 
em  areas.    Good  yields  of  cotton,  corn,  wheat,  oats,  hay,  and  potatoes 
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are  secured  in  different  localities.  In  the  northern  areas  the  soil  is 
good  for  fruits  and  vegetables. 

The  topography  of  the  Portage  sandy  loam  varies  from  gently  roll- 
ing to  nearly  level,  the  latter  areas  being  poorly  drained.  It  is 
adapted  to  general  farm  crops,  yielding  1^  tons  of  hay,  100  bushels  of 
potatoes,  30  bushels  of  com,  40  bushels  of  oats,  and  10  to  15  bushels  of 
rye  per  acre.    It  is  also  well  suited  to  fruits  and  vegetables. 

The  Portage  silt  loam  has  been  studied  in  the  survey  of  Portage 
County,  Wis.  The  type  occupies  level  or  slightly  undulating  areas,  is 
rather  poorly  drained,  and  sometimes  marshy.  It  is  well  adapted  to 
general  farm  crops,  small  fruits,  and  vegetables. 

The  Portage  stony  sandy  loam  has  considerable  quantities  of 
bowlders,  principally  of  granite,  scattered  over  the  surface.  The 
drainage  is  rather  poor  and  the  type  is  used  only  for  pasture. 

The  Rhinebeck  loam  is  an  easy  soil  to  till  and  is  fairly  productive, 
making  good  crops  of  corn,  cabbage,  and  hay.  It  is  of  local  occurrence 
and  only  small  areas  have  been  encountered. 

Rock  outcrop.  Rough  stony  land.  Steep  broken  land,  Rough  broken 
land,  and  Riverwash*  are  mainly  nonagricultural  land. 

The  Safford  silt  loam  is  associated  with  the  Lexington  silt  loam 
and  represents  a  thin  deposit  of  loess  over  heavy  clays  of  Cretaceous 
age.  The  soil  is  adapted  to  corn,  cotton,  wheat,  and  hay.  It  has  a 
rolling  to  hilly  topography  and  washes  badly  if  not  properly  man- 
aged. The  surface  soil  is  loose  and  rather  incoherent  when  dry,  and 
is  easily  cultivated. 

The  Scottsburg  silt  loam  is  best  adapted  to  tomatoes  and  other 
vegetables,  to  small  fruits,  and  to  all  early  maturing  crops.  It  is  low 
in  organic  matter,  but  by  the  addition  of  himius  and  the  adoption  of 
suitable  crop  rotations  general  farm  crops  may  be  made  to  do  well. 

The  Shelby  loam  occupies  steep  slopes  adjacent  to  water  courses  in 
northeastern  Missouri  and  southern  Iowa.  It  is  much  less  productive 
than  the  Shelby  silt  loam.  It  is  poorly  adapted  to  wheat  and  com  and 
is  used  almost  exclusively  for  pasture. 

The  Shelby  sand  occurs  as  gently  rolling  upland  and  is  adapted  to 
truck,  small  fruit,  peaches,  and  wrapper  leaf  tobacco.  It  is  very 
limited  in  extent  and  of  little  agricultural  importance. 

The  Shelby  silt  loam  resembles  both  the  Marshall  and  Marion  silt 
loam.  It  differs  from  the  former  in  having  a  heavy  impervious  sub- 
soil and  from  the  latter  in  the  darker  color  of  the  surface  soil.  It  oc- 
cupies the  level  to  gently  rolling  prairies  in  northeastern  Missouri 
and  southeastern  Iowa.  The  principal  crops  are  hay,  corn,  oats,  and 
wheat,  and  the  production  of  applas  is  also  of  some  importance.  The 
impervious  character  of  the  subsoil  causes  crops  to  suffer  during 
drought  and  it  is  a  less  desirable  soil  than  the  Marshall  silt  loam. 
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Whatcom  silt  loam  supports  a  heavy  growth  of  fir,  cedar,  and  hem- 
lock. It  is  very  productive  and  a  good  seed  bed  is  easily  formed.  It 
is  well  adapted  to  strawberries,  Irish  potatoes,  vegetables,  and,  of  the 
fruits,  to  apples,  pears,  plums,  prunes,  and  cherries.  Clover  and 
timothy  do  well,  giving  3  to  4  tons  of  hay  to  the  acre.  Oats  and  bar- 
ley produce  very  fair  yields,  and  peas,  cabbage,  and  garden  truck  are 
grown  with  profit. 

The  Wliatcom  stony  loam  is  a  rough  mountainous  soil.  Very  little 
of  it  is  cleared  and  under  cultivation,  and  only  a  limited  acreage  is 
suited  for  agriculture. 

The  Wheatland  sand  is  of  limited  occurrence  and  has  little  agri- 
cultural value,  but  is  best  adapted  to  pasture  and  grazing. 

The  Wheatland  sandy  loam  is  an  upland  soil  of  good  drainage.  It 
is  fairly  well  adapted  to  wheat,  oats,  barley,  flax,  and  corn. 

The  Williams  loam  may  be  considered  as  the  semiarid  equivalent  of 
the  Marshall  loam.  It  occupies  a  large  proportion  of  the  uplands  in 
northwestern  Xorth  Dakota  and  northeastern  Montana.  It  is  a  strong 
soil  and  is  devoted  to  wheat  and  flax  and  to  a  lesser  extent  to  oats, 
barley,  rye,  and  millet.  If  the  moisture  conditions  were  more  favor- 
able this  soil  would  be  very  highly  esteemed  for  agricultural  purposes. 

The  Williams  stony  loam  occurs  in  the  glaciated  uplands  of  the 
semiarid  region.  Owing  to  its  rolling  topogi'aphy  and  stony  character 
it  is  devoted  to  pasture. 

Area  and  (Uatrihution  of  the  nni<eella neons  soils  of  the  glaeial  and  loessUiI  regions. 


Soil  name.  SUiles  in  which  each  type  has  been  found.  li^f 


area. 


ACTtS. 

Alliselay New  York ^ 2,804 

A llig  shale  loam do I  2,868 

Barnum  loam Minnesota !  2, 496 

Barnum  stony  loam do !  8, 704 

Bellingham  Biit  loam 


Bernardstown  loam. 
Bloomfield  Bandy  loam 

Cassadaga  8and 

Custer  loam 


\Va.shington i  13, 066 

Massaehuaetts '  16, 064 

Indiana 10,944 

New  York 1,660 

WaHhington 8. 128 

Custer  silt  loam do 8, 960 

Dover  fine  sandy  loam New  York 8, 512 

Dover  loam , do ]  28, 800 

Dutchess  stony  loam do 51,776 

Dutchess  slate  loam do 'l 9-1, 144 

Dutchess  silt  loam do |  117, 184 

Gloucester  loam do I  10. 752 

Gloucester  stony  loam I  New  Hampshire,  New  York ,  Rhode  Island '  413, 668 

Gloucester  stony  sandy  loam I  New  Hampshire 67, 904 

Hobart  clay i  North  Dakota 6, 208 

Holyoke  stony  loam Ccmnecticut,  Massachusetts 196, 818 

Judson  loam ,  Minnesota 3, 968 

Lexington  silt  loam Tennessee 842, 272 

Lynden  gravelly  loam |  Washington '  16, 640 

Lynden  sandy  loam do 80,206 

Lynden  fine  sandy  loam : do 6,696 


Lvndon  silt  loam  . . . 

Idfadlson  loam 

Madeland 

Marion  silt  loam  . . . . 
Memphis  silt  loam  a. 


do 16.266 

Indiana '         2, 240 

New  York •         1,024 

Illinois,  Missouri '      695,040 

Illinois,   Kentucky,  LouL^^iana.    Mississippi,  Mis-  |  1.643,002 
souri,  TennMsee.  ' 

"  The  Boll  mapped  as  Memphis  silt  loam  In  Posey  County.  Ind,,  and  Union  County,  Ky..  Is 
Llntonla  loam,  and  mapped  as  Miami  tine  sandy  loam  in  St.  Clair  County,  111.,  is  the  Mem- 
phis silt  loam. 
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Area  and  distribution  of  the  miscellaneous  soils  of  the  glacial  and  loessial 

regions — Continued. 


Soil  name. 


Portage  sandy  loam. 


States  In  which  each  type  hoH  been  found. 


Total 
area. 


Acres. 

Wisconsin.. 9,792 

Portage  silt  loam 1 do 22,666 

Portage  stony  sandy  loam do 11, 392 

Khinebeck  loam i  New  York  1,068 


Rock  oatcrop,  Rough  stony  land,  Steep 
broken  land,  Rough  broken  land, 
Rlverwash.a 

Safford  silt  loam 

Scottsburg  silt  loam 

Shelby  loam 

Shelby  sand 


Illinois,  Indiana,  Iowa,  Kansas,  Michigan,  Minnc-  i  649,920 
Bota,  Missouri,  New  Hampshire.  New  York,  Ver-  i 
mont,  Washington,  W^utoonsin. 

Ten  nessee 28, 644 

Indiana 37,184 

Missouri 410,368 

do 448 

Shelby  sil t  loam i do 402, 112 

Whatcom  stony  loam j  Wtishington 28, 608 

Whatcom  silt  loam do !  62, 592 

Wheatland  sand North  Dakota 29, 504 

Wheatland  sandy  loam do j  16, 768 

Williams  loam | do I  272, 256 

Williams  stony  loam , do '  69, 888 


Total 5,879,816 


•  Mapped  as  the  Clarksville  Htony  loam  in  tlie  Dubuque  arra,  Iowa. 
GLACIAL   LAKE    AND   BIVEB   TERRACES. 

Another  important  group  of  soils  occurs  in  the  glacial  region,  prin- 
cipally as  terraces  around  lakes,  or  along  streams,  or  as  deposits  in 
areas  which  were  formerly  covered  by  water.  At  the  close  of  the 
Glacial  epoch  the  lakes  in  this  part  of  the  United  States  were  not 
only  more  numerous,  but  the  waters  of  those  which  remain  reached  a 
higher  level  and  covered  areas  that  are  now  far  above  their  present 
shorelines.  In  some  cases  several  distinct  terraces,  each  one  marked 
by  an  old  shoreline,  are  easily  discernible,  and  represent  successive 
stages  in  the  lowering  of  the  water  level.  Their  elevation  above  the 
lake  varies  from  a  few  feet  to  more  than  200  feet.  The  surface  of 
each  terrace  is  usually  rolling  to  level,  with  a  gradual  slope  toward 
the  lake,  but  sometimes  areas  of  a  rough  and  broken  character  occur. 
The  streams  which  cross  these  terraces  have  frequently  by  their  cut- 
ting produced  deep,  steep-sided  valleys,  especially  near  the  lakes. 

The  soils  of  this  group  vary  from  typical  beach  gravels  to  offshore 
deposits  of  heavy  clays.  '  The  material  from  which  they  are  derived 
consists  of  glacial  debris  reworked  and  redeposited  in  the  lakes  or 
along  streams.  While  this  glacial  material  is  made  up  of  rocks  of 
widely  varying  origin,  a  large  proportion  of  it  often  consists  of  the 
country  rock.  In  the  eastern  part  of  the  Great  Lake  region  the  per- 
centage of  sandstone  and  shale  fragments  is  usually  very  high,  while 
in  the  western  part  more  of  the  igneous  rocks  are  present.  This  fact, 
together  with  differences  in  drainage  conditions,  has  given  rise  to  sev- 
eral series  of  soils.  The  aggregate  area  of  the  soils  surveyed  in  this 
soil  province  is  5,091,882  acres. 
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Clyde  series. 

The  soils  of  the  Clyde  series  consist  of  reworked  glacial  material 
containing  a  large  percentage  of  organic  matter.  The  surface  soil  of 
this  series  is  of  a  dark-brown  to  black  color,  underlain  by  gray,  drab, 
or  mottled  yellow  subsoils.  The  dark  color  of  the  surface  soil,  which 
is  the  most  distinctive  characteristic  of  this  series,  is  due  to  the  accu- 
mulation of  a  large  percentage  of  organic  matter  under  swampy 
conditions.  The  soils  of  the  Clyde  series  may  be  considered  as  later- 
mediate  between  the  light-colored  Dunkirk  soils  on  the  one  hand  and 
the  Muck  and  Peat  areas  on  the  other.  They  almost  always  Fequire 
drainage,  and  when  this  is  provided  they  are  very  productive. 

The  loam  is  the  most  important  member  of  the  series,  both  in  ex- 
tent and  in  agricultural  value.  In  Michigan  it  constitutes  the  most 
highly  prized  soil  for  sugar  beets,  giving  the  most  uniform  and  sat- 
isfactory results.  When  well  drained  it  gives  excellent  yields  of 
corn,  wheat,  oats,  and  hay.  Cabbage  and  canning  crops  also  prove 
profitable.  Much  of  the  type  is  undeveloped  for  lack  of  drainage. 
Around  Racine,  Wis.,  the  clay  loam  has  been  extensively  used  for 
cabbage  and  also  for  corn,  wheat,  and  hay.  The  clay  occupies  poorly 
drained  areas,  and  is  not  much  used  for  agriculture.  It  is  a  strong 
soil,  and  when  drained  is  well  adapted  to  sugar  beets,  as  well  as  gen- 
eral farm  crops.  The  fine  sandy  loam  is  a  very  desirable  truck  soil 
and  is  admirably  adapted  to  cabbage,  tomatoes,  peas,  beans,  cucum- 
bers, and  potatoes.  In  Michigan  it  is  used  to  some  extent  for  sugar 
beets,  but  is  not  considered  as  desirable  as  the  loam  or  sandy  loam. 
It  is  not  a  good  peach  soil,  but  where  properly  drained  apples  and 
pears  do  fairly  well.  For  general  farming  the  sandy  loam  ranks 
next  to  the  loam,  and  this  type,  together  with  the  stony  sandy 
loam,  are  devoted  largely  to  this  purpose.  The  gravelly  sand  and 
fine  sand  give  fair  yields  of  grain  crops,  but  are  best  suited  to  truck- 
ing and  small  fruits,  the  fine  sand  being  especially  adapted  to  straw- 
berries.   The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  Qnd  distribution  of  the  soils  of  the  Clyde  sericH. 


S(jil  name. 


Clyde  stony  aandy  loam  . . . 

gravelly  sand 

gravelly  B^-ndy  loam 

Hand 

fine  sand 

sandy  loam 

fine  sandy  loam  a 

loam 


silt  loam  . 
clay  locun 
clay  b 


Slates  in  which  each  type  has  been  found. 


ToUl 
area. 


Michigan 8,000 

do 24,656 

Wa«hington 6,962 

Michigan 67, 400 

Indiana,  New  York i       61,876 

Indiana,  Michigan.  Washington ni,808 

Michigan,  New  York,  North  Dakota,  Wisconsin  ...       141,824 
Indiana,  Michigan,   New  York,  North   Dakota,        538,796 
Washington.  ; 

Michigan 8,904 

12,224 
236,892 


Wisconsin 

Indiana,  Michigan,  New  York,  North  Dakota,  Ohio. 


Total 1.211,332 

I , 

*  Mapped  as  Miami  sandy  loam  in  the  Grand  Forks  area,  North  Dakota. 

*  Mapped  as  Miami  black  clay  loam  In  Toledo  area,  Ohio. 
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Bonkirk  series. 

The  Dunkirk  series  is  an  important  member  of  the  glacial  terrace 
group  of  soils.  The  soils  have  been  formed  by  the  reworking  of 
glacial  material  derived  from  limestone,  sandstone,  and  shale.  This 
series  embraces  light-colored  surface  soils  with  drab,  gray,  and 
mottled  yellow  subsoils  and  occurs  principally  in  the  eastern  part 
of  the  Great  Lakes  region.  The  soils  are  not  as  productive  as  those 
of  the  Clyde  series,  but  some  of  them  are  well  adapted  to  special 
crops. 

The  loam  is  a  very  important  member  of  the  Dunkirk  series.  It 
is  a  good  general-purpose  soil  and  is  considered  fine  for  fruit,  espe- 
cially apples,  pears,  plums,  and  cherries.  The  color,  flavor,  and 
keeping  quality  of  the  former  two  are  better  than  upon  either  the 
lighter  or  heavier  soils.  The  silt  loam  is  easily  tilled  and  produces 
good  yields  of  general  farm  crops,  besides  berries  and  fruits.  Upon 
the  clay  loam,  clay,  and  stony  clay  wheat  and  grass  do  well,  while 
near  the  Lakes  grapes  are  grown  with  much  success.  The  sandy 
loam  and  fine  sandy  loam  are  quite  extensively  used  for  trucking 
and  small  fruits,  and  in  Tompkins  County,  N.  Y.,  furnish  a  good 
example  of  a  case  where  the  special  adaptation  of  a  soil  to  particular 
crops  has  been  utilized.  They  are  a  little  light  in  texture  for  general 
farming.  Peaches  on  the  fine  sandy  loam  produce  a  strong,  thrifty 
tree  and  a  good  flavored  fruit.  Grapes  are  also  successfully  grown. 
The  fine  sand  is  not  suited  to  general  farming,  but  for  early  truck 
and  other  crops  requiring  a  light  sandy  soil  it  has  proved  valuable. 
Peaches,  apples,  and  pears  are  grown,  but  the  trees  are  usually 
short  lived  and  subject  to  disease,  while  the  fruit  is  of  inferior  qual- 
ity. The  gravel  is  of  little  value  except  for  the  production  of  grapes. 
The  gravelly  sandy  loam  gives  moderate  yields  of  ordinary  farm 
crops  and  should  be  used  as  a  fruit,  potato,  and  corn  soil.  The 
gravelly  loam  gives  large  crops  of  corn  and  fair  crops  of  hay  and 
oats,  while  potatoes,  beans,  and  pears  also  do  well.  The  acreage  of 
the  types  so  far  encountered  is  shown  in  the  table  on  the  following 
page. 
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Area  and  distrihution  of  the  soils  of  the  Dunkirk  series. 


Soil  name. 


Dunkirk  stony  clay 

shalo  loaxno. 

gravel 

gravelly  sandy  loam  b. 

gravelly  loamc 
ne  sand 

sandy  loam 

fine  sandy  loam  ft 

loam 

silt  loam  e 

clay  loam/ 

claytr 


New  York 

do 
New  York,  Ohio. 

do 

do 

New  York 

do 

New  York,  Ohio,  Wisconsin t      163,290 

New  York,  Ohio 147.712 

NewYork W,272 

New  York,  Ohio 127,616 

do 140,546 


Acres. 

35,072 

14.582 

7.720 

87.582 

106,816 

10.944 

4,480 


Total I      880,592 


«  The  soil  mapped  as  Dunkirk  shale  loam  in  the  Westfleld  area.  New  York,  is  the  De- 
kalb clay. 

^  Mapped  as  Dunkirk  gravelly  loam  In  the  Ashtabula  area.  Ohio,  and  Westfleld  area. 
New  York. 

^  Mapped  as  Miami  gravelly  loam  In  the  Big  Flats  and  Syracuse  areas.  New  York. 

<*  Mapped  as  Miami  fine  sandy  loam  in  the  I^yons  and  Syracuse  areas.  New  York. 
Mapped  as  Dunkirk  sandy  loam  in  the  Ashtabula  area,  Ohio,  and  Westfleld  area,  New  York. 

"  Mapped  as  Miami  silt  loam  in  the  Syracuse  area.  New  York. 

f  Mapped  as  Miami  clay  loam  in  the  Toledo  area,  Ohio. 

'  The  areas  mapped  as  Dunkirk  clay  in  the  Lyons  and  Syracuse  areas,  New  York,  are 
Alloway  clay. 

TsLTgo  series. 

The  Fargo  series  occurs  throughout  the  Red  River  Valley  and  in 
other  old  glacial  lake  beds  in  the  same  region.  The  soils  have  been 
formed  by  the  reworking  of  glacial  material  and  its  deposition  in 
glacial  lakes.  The  soils  are  very  black  in  color  and  contain  a  very 
large  percentage  of  organic  matter,  in  some  cases  enough  to  make  the 
soil  slightly  mucky.  There  is  also  present,  especially  in  the  subsoil, 
a  large  percentage  of  lime.  They  rank  among  the  most  productive 
soils  in  the  country. 

The  clay  loam  is  the  most  extensive  and  one  of  the  strongest  -types 
of  soil  in  the  Red  River  Valley.  The  surface  is  very  level  and  arti- 
ficial drainage  is  necessary,  but  when  this  is  provided  the  soil  is 
W3ll  adapted  to  wheat,  oats,  barley,  and  flax.  Similar  experiments 
with  clover  and  alfalfa  demonstrate  that  they  can  be  grown  success- 
fully. About  the  same  crops  are  grown  upon  the  fine  sandy  loam  as 
upon  the  clay  loam,  but  owing  to  naturally  better  drainage  the  yields 
are  more  certain.  Vegetables,  which  do  well,  are  produced  to  a  lim- 
ited extent  for  local  markets.  Timothy  is  grown  mainly  for  hay. 
The  silt  loam  is  probably  the  most  desirable  soil  in  the  valley  and  is 
well  suited  to  wheat,  oats,  barley,  and  flax,  giving  excellent  yields 
of  all  these  crops.  This  type  has  contributed  most  to  the  fame  of 
the  Red  River  Valley  as  a  wheat-growing  country.  Vegetables  and 
garden  truck  are  grown  with  excellent  results.  The  loam,  naturally 
poorly  drained,  owing  to  its  low,  flat  toi)ography,  is  used  largely  for 
hay.     It  is  a  strong  soil  and  where  well  drained  produces  good  wheat, 
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flax,  and  oats.  The  clay  is  a  very  heavy  soil,  locally  called  "  gumbo." 
It  is  regarded  as  one  of  the  most  productive  of  soils,  but  it  is  rather 
difficult  to  get  the  seed  in  early  enough  in  the  spring  and  to  keep  the 
soil  from  baking  after  rains.  Under  the  present  imperfect  condition 
of  drainage  these  lands  are  held  in  low  esteem  for  general  farming. 
When  seeded  with  brome  grass  or  covered  with  natural  prairie  grass 
they  are  excellent  for  hay  and  pasture.  A  very  large  proportion  of 
the  sandy  types  is  yet  unbroken  and  utilized  chiefly  for  the  produc- 
tion of  wild  hay.  WTien  drained  they  are  good  soils  for  potatoes, 
small  fruits,  and  corn.  AVhere  earliness  of  maturity  is  so  important 
as  in  this  latitude,  the  light  texture  makes  them  better  suited  to  the 
latter  crops  than  the  heavier  soils.  WTieat,  flax,  and  wild  hay  are  the 
chief  crops  at  present. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Fargo  scries. 


Soil  names.  States  in  which  each  type  ha»  been  found. 


Fargo  sand 

fine  sand. 


Total 
area. 


■    Acres. 

NorthDakota I       22.016 

.do i       19,904 


loam do '       20.800 


fine  sandy  loam '  Minnesota.  North  Dakota 


silt  loam 
clay  loam 


.do 
do 


clay '  ...  do 

Total ' 


133.504 
27, 072 

344,676 
70,336 


638,208 


Hudson  series. 

The  Hudson  series  consists  of  light-brown  to  yellowish-brown  soils, 
underlain  by  drab  to  yellowish  subsoils.  The  latter  are  generally 
lighter  in  texture  than  the  soils  of  the  Vergennes  series.  They  occur 
as  glacial  lake  terraces,  composed  principally  of  wash  from  glaciated 
slate  uplands,  and  are  generally  quite  desirable  soils. 

The  sandy  loam  is  easy  to  work,  but  very  little  is  cultivated.  It  is 
particularly  well  adapted  to  truck  and  small  fruits,  and  produces 
also  fair  yields  of  the  general  farm  crops.  The  fine  sandy  loam  is 
also  well  suited  to  trucking  and  in  favorable  localities  is  highly  es- 
teemed for  fruits  and  vegetables.  The  gravelly  subsoil  of  the  loam 
gives  it  good  drainage,  and  it  grows  good  thrifty  apples  and  pro- 
duces small  fruits,  truck  crops,  especially  heavy  truck,  such  as 
potatoes,  tomatoes,  and  root  crops.  Away  from  the  immediate  vicin- 
ity of  the  villages  mixed  farming  is  practiced,  dairying  being  carried 
on  in  connection  with  general  farming  and  fruit  growing.  The 
heavy  character  and  impervious  nature  of  the  subsoil  make  tne  clay 
loam  cold  and  wet.    It  is  therefore  not  very  desirable  for  general 
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farming,  although  well  suited  to  grass.    The  areas  of  the  several 
types  so  far  encountered  are  as  follows : 

Area  and  distribution  of  the  soils  of  the  Hudson  series. 


Soil  name. 


State  in  which  each  type  has  been  found 


Hudson  clay  loam 

fine  sandy  loam.  .• 

loam 

sandy  loam , 


Total. 


New  York 
....do   ... 

do.... 

do.... 


Total 
area. 


Acre9. 
9,984 
6,400 
3,904 
l.h56 

22,144 


Merrimac  series. 

The  Merrimac  series  is  found  almost  entirely  in  the  New  England 
States  and  constitutes  the  glacial  terraces  which  occur  along  nearly 
all  the  streams  of  this  section.  The  material  consists  principally  of 
crystalline  rocks  which  were  ground  up  by  the  ice,  reworked  by  water, 
and  deposited  during  the  close  of  the  glacial  period.  The  soils  are 
brown  in  color  and  are  underlain  by  sand  and  gravel. 

In  New  England  and  eastern  New  York  there  occurs  along  the 
streams  on  high  terraces  a  series  of  soils  to  which  the  name  Merrimac 
has  been  given.  From  their  composition  and  structure  they  are 
usually  leachy  soils,  and  this  is  specially  the  case  with  the  coarser 
soils.  The  coarse  sand  and  gravelly  sandy  loam  are  of  low  crop  pro- 
ducing value,  but  with  fertilization  they  produce  garden  crops.  The 
sand,  though  not  cultivated  to  any  extent,  is  a  soil  that  in  its  locality 
would  be  valuable  for  trucking.  The  gravelly  loam  has  a  wider  crop 
adaptation,  producing  the  general  farm  crops  and  in  eastern  New 
York  apples.  The  fruit  colors  especially  well,  but  matures  so  early 
that  the  keeping  quality  is  not  as  good  as  fruit  produced  on  later 
soils.  The  loam  and  sandy  loam  are  strong  grass  and  corn  soils.  The 
acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Merrimac  series. 


Soil  names. 


Merrimac  coarse  sand  a. 


States  in  which  each  type  has  been  found. 


coarse  sandy  loam  b  . 
gravelly  sandy  loam. 


gravelly  loam 
sandy  loam . . . 

Band 

loam 


Total 


Connecticut,     Massachusetts,     New    Hampshire, 

Rhode  Island. 

Connecticut.  Massachusetts,  Rhode  Island 

Connecticut,  Massachusett.s,  New  Hampshire,  New 

York. 

New  York 

Connecticut,  Massachusetts 

New  Hampshire 

New  York , 


Total 
area. 


Acres. 
112,136 

110,  ?20 
119, 124 

41.216 

95,304 

26,560 

1,600 

506,660 


*  Mapped  as  Norfolk  coarse  sand  in  Rhode  Island. 

*  Mapped  as  Norfolk  coarse  sandy  loam  in  the  Connecticut  Valley  area,  Connecticut- 
Massachusetts. 
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Sioux  series. 

The  Sioux  series  comprises  the  dark-brown  to  black  terrace  soils 
characterized  and  distinguished  from  the  Wabash  series  by  a  bed  of 
gravel  usually  within  3  feet  of  the  surface.  This  gravel  bed  has  a 
very  marked  effect  upon  the  dsainage  of  the  soils  and  causes  crops  to 
suffer  in  times  of  drought,  except  in  areas  where  the  gravel  is  several 
feet  below  the  surface.  This  series  occurs  as  terraces  along  streams, 
and  is  practically  confined  to  the  glacial  regions. 

The  sandy  loam  is  well  suited  to  the  production  of  early  short- 
seasoned  crops.  The  fine  sandy  loam  is  less  droughty  than  the  sandy 
loam,  and  produces  good  yields  of  corn,  wheat,  oats,  barley,  alfalfa, 
and  sugar  beets.  The  sand  and  gravelly  sandy  loam  give  imcertain 
yields  on  account  of  excessive  drainage.  The  loam  is  admirably 
adapted  to  the  growing  of  crops  for  canning  purposes,  although 
largely  used  for  general  farming.  The  silt  loam  is  an  exceedingly 
fertile  soil,  very  highly  esteemed  for  corn  and  small  grain.  The 
clay  is  also  a  strong  soil  for  general  farming.  The  acreage  of  the 
types  so  far  encountered  is  as  follows : 

Area  and  dintribiition  of  the  soils  of  the  tiioux  series. 


Soil  name. 

States  in  which  each  type  has  been  found. 

Total 
area. 

Sioux  gravell  V  loam 

North  Dakota 

Acres. 

30,400 

24,448 

19,520 

■     198,848 

65,984 

49, 152 

32,826 

2.432 

era  vellv  sandy  loam 

Minnesota 

sand 

Wiftronsln 

sandy  loam  a 

IllinoLs, Indiana,  lowu,  Missouri.  Nebraska,  South 

Dakota,  VVihconsin. 
Nebraska.  North  Dakota 

fine  sandy  loam 

loam  b 

TDinniH.  IndianR.  North  DHktita. 

silt  loam Illinois.  IndiHiiR   WisfrnnMin 

clay 

North  Dakota 

Total : 

423,610 

1 

"  Mapped  a.s  Miami  loam  in  the  Janesville  area,  Wisconsin. 
*•  Mapped  as  Miami  loam  In  Tazewell  (Vninty,   111. 


Superior  series. 

Another  member  of  the  glacial  lake  group  of  soils  is  found  around 
Lake  Superior.  The  material  here  consists  of  a  red  clay,  over  which 
in  some  places  sands  and  sandy  loams  have  later  been  deposited  or 
washed  from  higher  lying  areas,  giving  rise  to  soils  of  a  light  and 
more  sandy  character.  There  has  thus  been  formed  the  Superior 
series  of  soils,  characterized  by  the  red  color  of  the  subsoils. 

The  sandy  loam  of  the  Superior  series  is  a  warm  soil,  easily  tilled, 
and  adapted  to  clover,  timothy,  potatoes,  and  small  fruits.  The  topog- 
raphy of  the  silt  loam  is  so  uneven  as  to  make  this  type  of  low 
agricultural  value.  The  clay  is  a  heavy  soil,  being  rather  diflScult  to 
cultivate,  but  yields  good  crops  of  timothy  and  clover,  as  well  a§ 
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potatoes,  peas,  and  beets.     None  of  the  soils  of  the  series  have  been 
extensively  developed. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  diHtrihutUm  of  the  .soils  of  the  t^uperior  srriis. 


Soil  name.  '         States  hi  which  each  tyjn.*  has  been  found. 


Total 
area. 


Acres. 

Superior  sandy  loam Wisconsin 11, 2CR* 

Hilt  loam Minnesota 16, 192 

clay Miehijfan,  Minnesota,  Wisconsin i      198. 784 

Total 229,  IM 


Vergennes  series. 

The  Vergennes  series  occurs  on  the  terraces  surrounding  Lake 
Chaniplain.  It  consists  of  deep-water  sediments  known  as  the  Cham- 
plain  clays,  deposited  in  postglacial  times  over  glacial  drift  during  a 
period  of  submergence.  Sipce  the  uplift  these  clays  have  been  more 
or  less  modified  bv  stream  action  and  colluvial  wash  from  soils  of  the 

a 

surrounding  highlands  derived  from  the  underlying  geological  for- 
mations, usually  sandstone,  shale,  and  limestone,  and  in  limited  areas 
by  wash  from  glacial  drift  soils.  The  series  is  characterized  by- 
brown,  yellowish,  or  gray  soils,  underlain  by  drab  to  blue  or  light- 
gray  clay  subsoils  at  varying  depths.  The  surface  is  level  to  gently 
rolling,  and  for  the  most  part  artificial  drainage  is  necessary. 

The  clay  is  the  most  extensive,  as  well  as  the  most  important,  of 
the  Vergennes  soils.  It  is  a  heavy  soil — one  which  requires  careful 
and  painstaking  cultivation  to  secure  the  best  results.  Its  heavy 
texture  makes  it  admirably  adapted  to  the  production  of  hay,  and  this 
constitutes  the  leading  crop.  It  is  not  an  ideal  corn  soil,  but  profit- 
able j'ields  of  this  grain,  as  well  as  of  oats  and  barley,  are  secured. 
The  black  clay  requires  drainage,  and  were  this  done  it  would  be 
the  best  corn  soil  of  this  section,  (lood  yields  of  hay  are  cut  from  the 
better  drained  portions,  while  the  more  poorly  drained  portions  are 
used  only  for  pasturage.  The  best  apple  orchards  in  the  Chaniplain 
Valley  are  found  upon  this  type  and  the  fruit  produced  is  of  high 
quality.  Soils  better  adapted  to  tilled  crops  militate  against  the 
extensive  cultivation  of  this  type,  most  of  which  is  used  as  pasture  or 
woodland.  Certain  of  the  more  easily  tilled  portions  are  highly 
esteemed  for  potatoes.  The  fine  sand  is  best  adapted  to  truck  crops 
and  small  fruits,  though  corn,  oats,  and  hay  are  grown  with  fair 
success;  corn,  clover,  and  late  truck  do  well  on  the  sandy  loam,  while 
the  loam  is  desirable  for  corn,  hay*  oats,  and  barley.  The  gravelly 
loam  is  well  adapted  to  potatoes.  The  acreage  of  the  types  so  far 
encountered  is  given  in  the  table  on  page  161, 
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Area  and  distribution  of  the  soils  of  the  Vergennes  series. 


Soil  name. 


Vergennes  stony  loam  . . . 
gravelly  loam 

nne  sand 

sandy  loam... 

loam 

black  olay 

clay 


Total. 


States  In  which  each  type  has  been 
found. 


New  York,  Vermont. 

do 

do 

do 

do 

Vennont 

New  York,  Vermont. 


Total 
area. 


Acres. 
17,024 
3,968 
8,3^1 
2,112 
4, 352 
3,5M 
129,984 


169,408 


Miscellaneous  soils  of  the  glacial  lake  and  river  terraces. 

The  Bearden  loam  is  closelv  related  to  the  Sioux  loam,  but  differs 
from  it  in  that  the  gravel  and  sand  are  much  farther  below  the  surface. 
It  is  fairly  level  in  topography,  and  nearly  all  of  it  is  sufficiently  well 
drained  to  produce  good  crops.  At  present  the  soil  is  devoted  chiefly 
to  small  grains,  flax,  and  wild  hay,  of  which  good  yields  are  secured. 

The  Benoit  loam  is  closely  associated  with  the  fine  sandy  loam,  and 
like  this  type  occurs  as  broad,  shallow,  poorly  drained  depressions 
between  old  beach  lines.  A  few  of  the  better  drained  areas  are  culti- 
vated, but  the  soil  as  a  whole  is  so  poorly  drained  that  it  is  used 
mainly  for  pasture  land  or  hay  meadows. 

The  Benoit  fine  sandy  loam  occupies  low,  basinlike  depressions 
which  occur  between  or  adjacent  to  old  beach  lines.  A  large  part  of 
it  is  poorly  drained  and  only  a  very  small  part  is  under  cultivation. 
The  greater  proportion  is  used  for  hay  meadows  and  as  pasture. 

On  account  of  its  compact  nature  and  poor  nnderdrainage  the  Elm- 
wood  loam,  which  occupies  level  terraces  along  the  Connecticut  River, 
has  very  little  agricultural  value  at  present. 

The  Enfield  sandy  loam  represents  the  overlapping  of  sandy  glacial 
lake  deposits  upon  the  glacial  till.  Some  tobacco  of  fair  quality  is 
produced  and  medium  yields  of  truck  and  grain  are  secured,  but  the 
soil  is  not  well  suited  to  the  production  of  grass.  The  type  is  not  of 
much  agricultural  importance. 

The  Marco  clay  loam  is  well  adapted  to  grass,  and  heavy  crops  of 
clover  and  timothy  are  obtained.  The  type  is  rather  poorly  drained, 
but  when  drainage  is  provided  it  is  a  strong,  fertile  soil. 

Owing  to  the  level,  stony  nature  of  the  Lockport  clay  the  greater 
part  ot  the  type  is  devoted  to  pasture.  It  is  best  suited  to  grass,  which 
fact  has  been  generally  recognized. 

The  McLeod  sand  consists  ot  low,  rounded  dunes  and  ridges  scat- 
tered over  comparatively  level  sandy  plains  forming  the  bed  of  glacial 
Lake  Agassiz.     A  large  part  of  the  type  is  used  for  pasture.    Wheat, 
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oats,  barley,  and  flax  are  grown  to  a  limited  extent,  but  the  yields  are 
light. 

The  Manchester  sandy  loam  is  naturally  a  fertile  soil,  but  the 
porous  character  of  the  subsoil  renders  it  subject  to  drought.  It  is 
well  adapted  to  peaches  and  fairly  well  to  corn. 

The  Mankato  loam  is  closely  associated  with  the  Mankato  sandy 
loam  and  occupies  a  similar  topographic  position.  The  presence  of 
the  underlying  rock  near  the  surface  causes  it  to  suffer  from  drought 
during  dry  seasons.  With  fayorable  rainfall  good  crops  of  corn  and 
wheat  are  secured. 

Tho  Mankato  sand  occurs  as  terraces  along  tlie  Blue  Earth  River 
in  Minnesota.  On  account  of  its  good  natural  drainage  the  soil 
warms  up  early  in  the  spring,  making  it  well  suited  to  the  production 
of  early  vegetable  and  market-garden  crops. 

The  Mankato  sandy  loam  occurs  as  a  river  terrace,  and  the  soil  is 
underlain  by  rock  at  an  average  depth  of  15  inches.  This  makes  the 
type  subject  to  drought.  In  seasons  of  heavy  rainfall  good  crops 
are  secured.  AMiere  the  sand  is  deepest  it  is  quite  well  adapted  to  the 
production  of  early  vegetables. 

The  Marco  fine  sandy  loam  occupies  nearly  level  to  rolling  areas 
and  consists  of  old  alluvial  deposits  modified  by  wind  action.  Wheat 
and  corn  are  successfully  grown  and  clover  does  exceptionally  well. 
The  slightly  elevated  portions  of  the  type  are  very  desirable  sites  for 
small  fruit  and  truck  gardens. 

Muck  and  Peat  are  composed  largely  of  organic  matter  in  various 
stages  of  decay,  the  Muck  representing  an  advanced  stage  of  change 
in  Peat  areas.  These  soils  are  highly  valued  for  their  adaptation  to 
special  crops,  such  as  celery,  onions,  peppermint,  and  cabbage. 

The  Xewton  fine  sand  occurs  in  level,  poorly  drained,  marshy  areas, 
and  its  chief  usc»  is  for  pasture. 

The  Podunk  fine  sandy  loam  occurs  as  terraces  along  the  Connecti- 
cut and  other  rivers  in  New  England.  It  is  considered  the  most  de- 
sirable soil  in  the  Connecticut  Valley  for  the  production  of  the  broad- 
leaf  tobacco.  Corn  and  potatoes  do  well  on  this  type,  and  it  is 
regarded  as  a  strong,  safe,  and  productive  soil. 

The  I*odunk  silt  loam  occupies  level  terraces  along  the  streams 
throughout  New  England.  It  is  best  adapted  to  grass  crops  and 
ffives  large  yields  of  hay. 

The  Saginaw  sandy  loam  occupies  an  intermediate  position  between 
the  Clyde  sand  and  the  Clyde  loam.  AMien  properly  drained  the 
soil  is  fairly  well  adapted  to  truck,  sugar  beets,  and  corn,  as  well  as 
to  general  crops. 

Sandhill  and  Dunesand  are  deep  sands  of  little  agricultural  value. 

The  Saugatuck  sand  is  characterized  by  bands  of  sand  cemented 
together  by  iron,  forming  ii  crust  from  a  fraction  of  an  inch  to  one 
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or  more  inches  in  thickness.  The  type  occupies  slightly  depressed 
areas  and  is  best  adapted  to  truck,  peaches,  and  small  fruits.  Grain 
also  does  fairly  well. 

The  Snohomish  fine  sandy  loam  occupies  level  to  gently  rolling 
river  terraces  in  the  vicinity  of  Puget  Sound.  The  type  is  best 
adapted  to  late  truck  crops  for  canning  purposes,  and  fruit  also  does 
well. 

The  Snohomish  sand  has  a  flat  and  fairly  level  surface,  rising  with 
a  gentle  incline  from  near  sea  level  toward  the  inland.  While  the 
drainage  is  generally  adequate  on  account  of  the  easy  fall  and  open 
texture,  the  soil  is  subject  to  drought.  The  soil  is  too  light  for  gen- 
eral farming,  but  under  suitable  conditions  might  be  utilized  for  the 
growing  of  early  truck.     It  is  also  well  adapted  to  early  potatoes. 

The  Snohomish  silt  loam  occupies  level  or  gently  rolling  river 
terraces  and  is  a  good  soil  for  general  farming,  as  well  as  for  the 
production  of  tree  fruits. 

On  account  of  its  close  texture  and  poor  drainage,  the  SufBeld  clay, 
found  only  in  Connecticut  and  Massachusetts,  has  no  value  except 
as  pasture  land. 

Swamp  and  Marsh  consist  of  areas  covered  with  water  the  greater 
part  of  the  year  and  unfit  for  agriculture,  except  where  drained  and 
protected  from  tidal  or  fluvial  overflow,  ^^^len  reclaimed  much  of 
this  land  will  become  very  productive. 

The  Tonawanda  loam  is  closely  associated  with  the  Dunkirk  loam, 
but  differs  from  it  in  having  a  lighter  subsoil.  The  chief  crops  grown 
are  corn,  oats,  hay,  and  potatoes,  and  during  favorable  seasons  fair 
yields  are  produced. 

The  soil  of  the  Warners  loam,  which  is  derived  from  marl,  con- 
sists of  10  inches  of  mellow  brown  loam  containing  many  calcareous 
nodules  and  a  considerable  proportion  of  marl.  The  subsoil  is  a 
gray  or  white  marl,  silty  in  character  and  of  soft,  unctuous  feel,  con- 
taining thin  beds  of  muck  at  varying  depths.  The  type  produces 
good  crops  of  c(>rn  and  grass. 

The  Williston  gravelly  sandy  loam  occurs  as  terraces  along  streams 
in  the  semiarid  glacial  region.  The  gravelly  character  of  the  subsoil 
makes  it  subject  to  drought,  but  when  moisture  conditions  are  favor- 
able it  gives  good  crops  of  wheat,  flax,  and  rye. 

The  Williston  sandy  loam  is  closely  related  to  the  type  just  de- 
scribed. It  occurs  as  glacial  terraces  in  the  semiarid  region.  In 
seasons  of  average  rainfall  good  crops  of  wheat  and  flax  are  secured. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Miscellaneous  soils  of  the  glacial  lake  and  river  terraces. 


Soil  name. 


Bearden  loam 

Bcnolt  loam 

Benoit  fine  Handy  loam  . 

Elmwood  loam 

Enfield  rnndy  loam 

Lockport  clay 

McLeod  sand 

Manchester  sandy  loam 

Mankato  loam 

Mankato  sand 

Mankato  Bandy  loam  . . . 

Marco  clay  loam 

Marco  fine  !<andy  loam. . 
Mack  and  Peat 


Newum  fine  sand 

Podunk  fine  sandy  loam. 


Podunk  silt  loam 

$^ag'inaw  sandy  loam 

Sandhill,    Dunesand,    and    Coastal 
beach. 

Suiigatuck  sand 

Snohomish  fine  sandy  loam 

Snohomish  sand 

Snohomish  silt  loam 

Buffleld  clay 

Swamp,  Tidal  swamp  and  marsh 


Tonawanda  loam 

Warners  loam 

Willlston  irravelly  sandy  loam 
Williston  .*uindy  loam 


Total. 


States  in  which  each  type  has  been  found.         Total  area. 


North  Dakota , 

Minnesota 

do 

C(mnerticut,  Maasachusetts,  Michigan 

Connecticut,  Massachusetts , 

New  York , 

Minnesota.  North  Dakota 

C-<mneclicut,  Massachusetts _ 

Minnc^ta , 

do 

do 

Indiana , 

do 

Illinois,  Indiana,  Iowa,  Michifiran,  New  Y<»rk. 

North   Dakota,  Ohio,  Vermont,  Washington, 

Wisconsin. 

Indiana 

Connecticut,  Massachusetts,  New    Hampshire, 

New  York. 

New  Hampshire 

M  ichigan 

Michigan.    Minnesota,   North    Dakota,    Rhode 

Island,  Wisconsin. 

Michigan 

Washington 

do 

do 

Connecticut,  Massachusetts 

Indiana,  Michigan,  New  York,  Rhode  Island, 

Vermont,  Washington. 

New  York 

do 

North  Dakota 

do 


Acref. 

3,.Vs4 

31.8tU) 

4.03^ 

22.6?^ 

46. 462 

6.656 

38,016 

44.160 

1,600 

4,(132 

2. 816 

3,200 

3,392 

532,  H42 


5,888 
90. 4M 

14,  272 
26.234 

24, 120 
9,728 
21, 6W 
16.192 
23,610 
62,080 

15, 168 

128 

12.352 

3,.'*1 


1.010.744 


RESIDUAL    SOILS    OF   THE    WESTERN    PRAIRIE    REGION. 

This  region  consists  of  the  nonglacial  part  of  the  prairie  plains 
bounded  on  the  north  by  the  Missouri  River,  the  southern  limit  of 
glaciers,  and  extending  southward  through  Texas  to  the  Kio  Grande. 
On  the  west  it  merges  into  the  Plateau  region  at  very  near  the  2,000- 
foot  contour,  and  on  the  east  is  limited  by  the  Gulf  Coastal  Plain 
and  the  Ozark  Plateau.  Its  surface  is  gently  rolling,  with  occasional 
low  hills,  and  is  cut  bv  numerous  stream  channels.  The  rocks  are 
of  Carboniferous  age  and  consist  of  sandstones,  shales,  and  lime- 
stones more  or  less  interbedded.  These  rocks  give  rise  to  three  series 
of  soils,  viz,  Oswego,  Crawford,  and  Vernon,  together  w^ith  a  number 
of  miscellaneous  soils.  In  Kansas  and  Texas  these  soils  are  in  some 
instances  more  or  less  modified  by  the  admixture  of  gravel  and  sand 
from  Tertiary  deposits  brought  down  from  the  higher  areas  farthei- 
w^est  occupied  by  crystalline  rocks. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
1,825,850  acres. 
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Crawford  series. 

This  series  includes  residual  limestone  soils  of  the  prairie  regions, 
characterized  by  dark-brown  to  reddish-brown  surface  soils  and 
reddish-brown  to  red  subsoils.  T\Tiile  derived  from  limestones,  these 
soils  usually  contain  only  a  small  percentage  of  lime,  differing  very 
materially  in  this  respect  from  the  soils  of  the  Houston  series,  occur- 
ring in  the  Cretaceous  black  prairies  of  the  Coastal  Plain.  They  are 
productive  and  well  adapted  to  general  farming. 

The  gravelly  loam  occui's  in  small  bodies  on  ridges  and  hilltops, 
and  on  account  of  the  gravelly  surface  and  the  too  freely  drained, 
leachy  nature  of  the  subsoil  this  type  is  too  droughty  for  agricul- 
tural purposes,  except  in  occasional  wet  seasons,  when  corn  gives 
fair  yields.  The  type  is  on  the  whole  best  adapted  to  stock  raising, 
though  small  fruits  may  be  found  to  do  well  in  favored  locations. 
The  Crawford  stony  clay  is  a  shallow,  excessively  stony  soil,  in  gen- 
eral too  rough  and  broken  in  topography  for  crops  requiring 
much  cultivation.  It  is  well  watered  by  numerous  small  streams, 
however,  and  produces  a  good  growth  of  grass,  making  it  a  good 
grazing  type  for  cattle,  sheep,  and  goats.  Grapes  and  small  fruits 
do  well.  The  texture  of  the  loam  makes  it  easy  to  cultivate,  and  it 
can  be  worked  very  shortly  after  rain  without  impairing  the  nat- 
urally good  mechanical  condition.  The  type  is  well  suited  to  the 
cultivation  of  cotton,  corn,  and  fruits  and  also  produces  very  fair 
yields  of  wheat  and  oats.  Several  small  orchards  of  peaches  and 
plums  produce  very  profitable  crops,  and  fruit  growing  bids  fair 
to  become  an  important  industry.  Vegetables  are  successfully  grown 
for  home  use  and  on  a  small  scale  for  local  markets.  The  silt  loam 
occupies  level  to  rolling  prairies,  and  is  well  drained,  with  the  excep- 
tion of  level  and  depressed  areas.  This  soil  is  best  adapted  to  corn: 
but  all  general  farm  crops,  as  well  as  fruits  and  vegetables,  do  well 
on  this  type.  It  is  a  strong,  fertile  soil  well  adapted  to  general 
farming.  The  clay  is  a  heavier  soil  and  more  difficult  to  cultivate 
than  the  silt  loam.  It  is,  however,  a  strong  soil,  well  adapted  to 
wheat;  while  cotton,  corn,  alfalfa,  clover,  and  timothy  do  well.  The 
silt  clay  is  probably  the  most  valuable  soil  of  the  series  and  nearly 
all  of  it  is  under  cultivation.  It  has  been  found  along  the  foot  of 
the  escarpment  extending  from  Austin  to  San  Antonio,  Tex.  It  is 
the  most  desirable  truck  soil  in  this  section,  and  considerable  areas 
are  irrigated  and  planted  to  onions,  which  constitute  the  principal 
crop  on  irrigated  areas.  It  is  also  an  excellent  soil  for  general  farm- 
ing and  produces  large  yields  of  corn,  cotton,  oats,  peanuts,  and 
potatoes.  Alfalfa  also  does  well,  and  as  many  as  nine  cuttings,  with 
an  average  of  three-fourths  of  a  ton  per  acre  for  each  cutting,  have 
been  secured  on  an  irrigated  field. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Crawford  series. 


Soil 


name. 


Crawford  stony  clay Texas 

ffravelly  loam Kansaa 

loam .* Texaa 

silt  loam Kanma 

silt  clay Texas 

clay Kansas,  Texas. 


States  in  which  each  type  has  been 
found. 


Total 


Total 
tCreti. 


Acra. 

119, 104 

5,165 

6,784 

211,559 

18,048 

180.864 


541,524 


Oswego  series. 

The  Oswego  vSeries  includes  the  light-colored  soils  of  the  prairie 
region  formed  from  the  weathering  of  interbedded  layers  of  sand- 
stone and  shale,  as  distinguished  from  the  Crawford  series,  which  is 
derived  from  limestones.  The  surface  soils  are  light  to  dark  gray 
in  color,  while  the  subsoils  are  dark  drab  to  yellow.  The  soils  of  the 
Oswego  series  are  less  productive  than  those  of  the  Crawford  series. 

The  Oswego  fine  sandy  loam  is  of  a  light,  sandy  character  and 
warms  up  early  in  the  spring,  permitting  the  planting  of  crops  con- 
siderably earlier  than  upon  the  soils  of  heavier  texture.  In  relatively 
wet  seasons  it  is  a  good  general-purpose  soil,  though  yields  are  only 
fair.  It  is  probably  best  adapted  to  corn,  oats,  and  potatoes,  being 
too  light  for  wheat.  Where  located  near  enough  to  markets  truck 
and  fruit  crops  could  be  profitably  grown.  The  silt  loam  of  this 
series  is  a  well-drained,  moderately  fertile  soil,  subject  in  some  sec- 
tions of  Kansas  to  considerable  erosion.  On  account  of  the  close  tex- 
ture of  the  soil  and  heavy  character  of  the  subsoil  it  requires  careful 
cultivation  to  preserve  proper  tilth.  The  areas  which  have  been 
developed  show  the  soil  to  be  best  adapted  to  wheat,  with  oats  and 
corn  second  in  importance. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 


Area  and  distribution  of  the  soils  of  the  Osxcego  series. 


Soil  name. 

State  in  which  each  type  has  been 
found. 

Total 
area. 

Oflwegfo  fine  sandy  loam 

Kansas 

Acr€9, 
25,293 
402,848 

silt  loam  a.. .        

do 

Total 

488,141 

«  The  soil  mapped  as  Oswego  silt  loam  in  the  Parsons  area,  Kansas,  is  the  Neosho  silt 
loam. 
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Vernon  series. 

The  Vernon  series  includes  the  upland  sands,  loams,  and  clays  de- 
rived from  the  weathering  of  the  Permian  Ked  Beds.  The  surface 
soils  are  gray  and  brown,  while  the  subsoils  are  brown  to  red.  This 
series  occurs  in  the  prairie  regions  of  northern  Texas  and  in  Okla- 
homa. The  soils  are  productive  and  well  adapted  to  general  farm 
crops. 

The  Vernon  silt  loam  is  the  most  important  of  the  Vernon  soils, 
both  in  extent  and  in  agricultural  importance.  It  occupies  level  and 
gently  rolling  prairie  uplands  and  is  a  fine  soil  for  general  farming. 
A  very  large  percentage  of  it  is  under  cultivation,  while  the  remainder 
is  in  prairie  grasses,  which  are  cut  for  hay.  Wheat,  oats,  and  corn 
are  the  crops  most  extensively  grown.  Cotton  makes  a  good  growth, 
but  matures  late,  yielding  from  one-half  bale  to  1  bale  per  acre. 
Alfalfa  and  castor  beans  are  also  raised  on  this  soil.  Another  im- 
portant agricultural  type  of  this  series  is  the  fine  sandy  loam.  Oats, 
wheat,  Kafir  corn,  and  sorghum  are  among  the  principal  crops. 
Cotton  yields  from  one-third  to  three-fourths  of  a  bale  per  acre. 
Peaches  are  grown  commercially  on  this  soil,  and  where  properly 
located  and  cared  for  the  orchards  do  excellently.  In  a  limited  way 
grapes  are  found.  This  soil  also  makes  fine  pasture.  Owning  to  the 
lightness  of  the  sand  of  this  series,  it  is  difficult  to  get  a  stand  of  any 
crop,  and  therefore  farming  on  this  soil  should  not  be  attempted  to 
any  great  extent.  Cotton  and  com  are  the  principal  crops  grown, 
though  apples  and  peaches  also  do  well  when  the  trees  once  get 
started.  The  fine  sand  type  is  undesirable  for  agricultural  purposes 
and  cotton  and  corn  yield  only  small  crops.  Peaches  are  grown  in  a 
limited  way.  The  forested  portions  are  used  for  pasture.  The  Ver- 
non sandy  loam  is  devoted  to  a  variety  of  crops.  Corn  yields  from  30 
to  40  bushels  per  acre,  oats  from  30  to  60  bushels,  Kafir  corn  from  20 
to  40  bushels,  and  cotton  from  one-half  bale  to  1  bale  per  acre.  The 
soil  is  too  sandy  to  give  satisfactory  results  to  wheat  except  during 
favorable  seasons.  It  is  an  excellent  peach  soil.  This  type  is  also  good 
for  truck,  but  at  present  only  a  small  area  is  used  for  this  purpose. 

The  greater  part  of  the  clay  type  of  the  Vernon  series  is  used  for 
pasture.  Wheat,  oats,  and  corn  are  the  principal  crops.  This  soil 
would  be  greatly  improved  by  planting  to  Bermuda  grass,  which 
would  afford  good  pasture  for  eight  or  nine  months. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  stAls  of  the  Vernon  series. 


Soil  iiBjne  States  in  which  ww'h  type  has  been       Total 

"ame.  found.  '     area. 


AcrcM. 

Vernon  sand Ok  hihoma.  Texas i       68. 224 

fine  Rand Oklahoma 44.928 

sandy  loam Oklahoma.  TexHs 

fine  sandy  loam do 

silt  loama do 


40, 576 

167.296 

190  464 

day do •       SlisOft 

I  

Total 543,296 


•The  soil  mapped  a.s  Vornon  silt  loam   In   tho  V«»rnoii   area,  Texas,   is   tlie  Miller  silt 
loam. 

Miscellaneous  residual  soils  of  the  western  prairie  regrion. 

The  Derby  loam  is  a  good  soil  for  general  agriculture.  The  chief 
crops  are  corn  and  wheat,  the  average  yields  being  about  25  and  18 
bushels,  respect  i  vely . 

The  (lasconade  silt  loam  is  associated  with  the  Clarksville  silt 
loam,  but  is  a  more  productive  soil.  Corn,  wheat,  timothy,  and  clover 
do  well. 

Rock  outcrop,  Kough  stony  land,  Steep  broken  land.  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 

The  Sedg);\'ick  black  clay  loam  occupies  flat  or  depressed  areas  in 
the  upland  prairies  and  is  poorly  drained.  It  is  generally  used  only 
for  pasture  to  wheat  and  corn. 

The  area  of  granite  near  Tishomingo,  Okla.,  gives  rise  to  the  Tisho- 
mingo gravelly  sandy  loam.  The  more  level  areas  form  prairies 
covered  with  a  growth  of  wild  grasses,  which  furnish  good  grazing 
and  a  fair  grade  of  wild  hay.  Corn  and  cotton  do  fairly  well  in  a 
favorable  season.  Near  the  streams  the  type  is  covered  with  a  scrub 
growth  of  timber,  mostly  oak,  and  is  of  low  agricultural  value. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  miscellaneous  soils  of  the  irestern  prairie  region. 


,,  ..  Slates  in  which  each  tviM^  h&s  Ikhmi 

Snlname.  f„,„,^^^   •• 


Derbvhwm Kansas 

Gas<>onade  silt  loam »....  Arkaiisjis  MK'-onh 

Rock  ouicrop.  RoiiKh  Nlony  landa KanMis  Oklahoma  Texas. 

Sedpwiek  blaek  clay  loam Kansas 

Tishomingo  gravelly  Nindy  loam. Oklahoma 


Total 
area. 


A  errs. 
20,416 
16. 320 
180,S.VJ 

29.696 


Total j      i-U^^U 

"  Mapijod  as  tjlarksvllle  Ktony  loam  In  Wichita  area,  Kansas. 
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With  the  exception  of  one  soil  type  recognized  in  the  Laramie  area, 
Wyoming,  the  soils  in  this  group,  so  far  as  mapped,  are  confined  to 
the  Great  Interior  Basin  region.  They  are  derived  from  a  great 
variety  of  rocks,  and  consist  of  colluvial  soil  of  the  mountain  slopes, 
deep  lacustrine  and  shore  deposits  of  the  Bonneville  period,  and  of 
recent  stream-valley  sediments  and  river-delta  deposits. 

When  not  situated  above  or  outside  the  limits  of  irrigation,  or  ren- 
dered unfit  for  cultivation  by  accumulation  of  alkali  or  seepage 
waters,  they  are  of  great  agricultural  importance,  and  are  devoted 
mainly  to  the  production  of  grains,  sugar  beets,  alfalfa,  stone  or 
other  tree  fruits,  and  vegetables. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is  1,005,600 
acres. 

Bingrham  series. 

This  series  covers  lower  mountain  slopes,  upper  valley  slopes,  and 
valley  plains.  It  consists  of  colluvial  mountain  wash  or  of  old  alluvial 
deposits  of  torrential  or  intermittent  streams,  delta-cone  deposits,  or 
of  a  mixture  of  these  materials.  The  soils  are  usually  gravelly  and 
generally  treeless,  except  in  the  immediate  vicinity  of  stream  courses. 
The  more  elevated  areas  are  frequently  rough  and  hilly  and  marked 
by  the  presence  of  rock  outcrop  and  bowlders.  They  are  frequently 
cut  bv  washes  or  intermittent  stream  channels  and  are  well  drained, 
except  in  the  lower  lying  areas  occupying  depressions. 

These  soils  are  derived  principally  from  eruptive,  early  sediment- 
ary, and  altered  sedimentary  rocks  of  all  ages,  and  modified  particu- 
larly by  material  derived  from  limestone,  granites,  shales,  slates,  etc. 
They  occur  as  irregular  and  frequently  extensive  bodies,  often  lying 
above  the  limits  of  irrigation.  When  capable  of  irrigation,  the  soils 
are  often  well  adapted  to  peaches  and  other  fruits. 

Of  this  series  the  gravelly  loam  has  the  highest  agricultural  value. 
It  is  chiefly  adapted  to  fruit,  such  as  apples,  peaches,  pears,  cherries, 
plums,  and  apricots,  and  in  some  localities  to  raspberries  and  straw- 
berries. It  is  also  suitable  for  growing  wheat,  alfalfa,  and  grains, 
and  in  the  vicinity  of  Salt  Lake,  Utah,  in  seasons  of  good  rain- 
fall, 20  bushels  of  wheat  to  the  acre  have  been  produced.  In 
I  some  localities  this  type  is  dry-farmed  to  wheat  with  good  results. 
Vegetables  may  be  grown  on  the  gravelly  loam,  but  not  with  the 
success  of  the  other  crops  mentioned.  The  stony  loam  type  of  this 
series  is  situated  above  irrigation  canals,  and  the  soil  is  so  filled  with 
stones  and  bowlders  that  it  is  of  little  agricultural  value.     If,  how- 
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ever,  this  land  could  be  irrigated  it  would  produce  good  fruits.  It 
is  at  present  used  to  some  extent  for  mountain  pasture.  •  The  J#am 
needs  irrigation,  and  when  free  from  excessive  amounts  of  alkali 
produces  good  alfalfa  and  grains.  The  acreage  of  the  types  so  far 
encountered  is  as  follows: 

Area  and  distribution  of  the  aoila  of  the  Bingham  series. 


Soil  name. 


State  in  which  each  type  has  been 
found. 


Bingham  stony  loam 

gravelly  loam  a 
loam 


Total. 


Utah.. 

do 

do 


Total 
area. 


Acres. 
62,222 
1S2, 112 
12,100 


206,434 


*  Mapped  aa  Maricopa  grayelly  loam  in  the  Proyo  area,  Utah. 
Jordan  series. 

The  Jordan  series  consists  of  old  streftm  sediments,  probably  de- 
posited to  a  large  extent  in  the  waters  of  former  lakes  and  modified 
by  later  shore  and  stream  deposits.  It  thus  consists  of  a  mixture 
of  stream  and  lacustrine  sediments  and  occurs  upon  low,  level  or 
sloping  valley  plains  covering  the  bed,  benches,  and  shores  of  ancient 
Lake  Bonneville.  The  soils  are  not  subject  to  present  extensive  stream 
modification,  and  are  treeless,  except  in  the  vicinity  of  streams  or 
lakes.  With  the  exception  of  the  lower  lying  bodies  the  soils  are 
usually  well  drained.  The  material  is  derived  from  a  great  variety 
of  rocks  of  all  ages,  consisting  of  lavas,  sandstones,  shales,  limestones, 
slates,  quartzites,  granites,  etc.  The  soils  occur  as  irregular  and  fre- 
quently as  extensive  areas,  with  the  exception  of  the  members  of 
lighter  texture,  and  are  dark  in  color  and  agriculturally  important, 
except  where  poorly  drained  and  alkaline.  They  are  generally  de- 
voted to  grain,  alfalfa,  fruits,  and  truck  crops. 

Of  the  Jordan  series,  the  sand  is  the  leading  truck  and  fruit  soil, 
devoted  extensively  to  the  production  of  tomatoes,  peaches,  plums, 
etc.  It  is  somewhat  leachy  in  character,  necessitating  frequent  irri- 
gation, and  is  sometimes  injured  by  the  rise  of  the  water  table  when 
not  naturally  well  drained.  The  loam  is  the  leading  sugar-beet  pro- 
ducing soil  of  this  series,  being  followed  by  the  clay  loam  in  adapta- 
tion to  this  crop.  These  two  soil  types  are  adapted  to  irrigation  and 
are  easily  cultivated,  but  sometimes  subject  to  injury  from  accumula- 
tion of  alkali  or  seepage  water.  The  fine  sand  usually  occurs  in 
wind-blown  areas  and  is  relatively  unimportant.  The  clay  is  often 
poorly  drained  and  alkaline,  but  when  well  drained  is  adapted  to 
alfalfa  and  grains. 
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The  acreage  of  the  tyixjs  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Jordan  series. 


Soil  name. 


State  in  which  each  type  has  been 
found. 


Jordan  Handa Utah.. 

tine  sand  *> do 

fine  sandy  loam do 

loam  f do 

clay  lonm do 

clayt* do 


Total. 


Total 
area. 


Acre9. 

82,168 

4,920 

48.620 

95,700 

161,280 

6.628 


349,216 


«  Mapped  as  Fresno  sand  In  the  I'rovo  area  and  Weljer  County,  Ttah. 
*  Mapped  as  Jordan  sand  In  Weber  County  and  the  Salt  Lake  area,  Utah. 
"  The  soil  mapped  as  Jordan  loam  in  the  Provo  and  Bear  River  areas,  Utah,  is  Jordan 
clav  loam. 

''^The  soli  mapped  as  Jordan  clay  In  the  Salt  Lalce  area,  Utah,  is  Salt  Lake  clay  loam. 

Malade  series. 

This  series  occurs  along  valley  troughs  and  in  the  vicinity  of  river 
flood  plains,  and  consists  of  stream  sediments  of  recent  date  or  in 
process  of  formation.  The  soils  occupy  low  or  slightly  elevated 
valley  plains  of  smooth,  nearly  level  surface,  frequently  marked  by 
the  presence  of  stream  channels  or  sloughs.  They  are  derived  mainly 
from  eruptive,  early  sedimentary,  and  altered  sedimentary  rocks,  and 
occur  as  small  narrow  to  broad,  extensive  areas.  The  soils  are  gener- 
ally dark  in  color  and  are  underlain  by  light-colored  sands  or  sandy 
loams  or  by  heavy  red  subsoils.  The  heavy  members  are  compact. 
The  areas  are  generally  well  drained. 

The  sandy  loam  is  usually  well  drained  and  free  from  alkali,  mak- 
ing a  good  soil  for  general  farming.  It  is  one  of  the  best  soils  for 
sugar  beets  when  under  irrigation.  The  fine  sand  is  also  suitable  for 
general  farming  purposes  and  for  sugar  beets  when  irrigated.  Al- 
falfa forms  the  principal  crop  of  the  fine  sandy  loam,  and  in  some 
localities  orchards  do  well.  It  is  also  adapted  to  sugar  beets.  The 
loam,  when  free  from  alkali,  produces  fine  sugar  l)eets  and  grain,  and 
when  the  water  is  not  too  near  the  surface  it  is  suitable  for  fruits  and 
alfalfa. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  disfributitm  of  the  soils  of  the  Malade  series. 


S<iil  name. 


St«te  m  which  each  type  ha.s  been 
lound 


Malade  fine  sand I'lah  . 

sandy  loam do 

fine  sandy  loam do 

loam do 

I 
Total 


Total 
area. 


Acrc8. 

6.080 

3.2frl 

10,112 

16.640 

36,096 
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Bedfield  series. 

The  Redfield  series  extends  from  mountain  bases  across  plateau- 
like plains,  upper  valley  slopes,  and  sloping  plains  of  narrow  valleys 
lo  nearly  level  plains  adjacent  to  the  valley  trough.  The  soils  of 
this  series  are  formed  of  colluvial  mountain  wash,  or  sometimes  of 
residual  material,  mingled  with  alluvial  delta  cone  deposits  of  inter- 
mittent or  torrential  streams.  They  are  generally  treeless,  often 
gravelly,  sometimes  marked  by  rock  outcrop,  and  frequently  cut  by 
washes  and  intermittent  stream  channels.  The  soils  are  derived  pri- 
marily from  red  sandstone,  modified  in  places  by  an  admixture  of 
material  derived  from  shales,  slates,  eruptive  rocks,  etc.,  and  are 
typically  of  vermilion  or  bright  red  color.  They  generally  occur  as 
extensive  areas.  The  lower  lying  and  heavier  members  of  the  series 
are  often  poorly  drained  and  alkaline. 

The  soils  of  this  series  need  irrigation  to  produce  any  crops.  The 
fine  sandy  loam  type  when  reclauned  from  alkali  will  produce  good 
crops  of  alfalfa  and  grains.  Those  portions  of  this  type  that  are 
ubove  the  present  system  of  canals  are  free  from  injurious  amounts 
of  alkali.  The  loam  of  this  series  is  l)elow  the  canals,  and  much  of  it 
is  wet  and  contains  an  excess  of  alkali.  In  its  virgin  state  it  is  cov- 
ered with  grease  wood.  Some  portions  of  this  loam  are  good  for  gen- 
eral farming.  The  clay  loam  of  the  Redfield  series  is  very  stiff  and 
therefore  difficult  to  free  from  alkali.  When  partly  reclaimed  it  will 
produce  salt  grasses,  and  it  sometimes  makes  good  pasture  land.  As 
a  whole,  the  series  has  not  been  much  developed. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  diatribntion  of  thv  soil  if  of  the  Red  field  series. 


u  .,1  «»«,^.  states  in  which  i*a<'h  type  has  iK'eri    i    Total 

^^"  "«™^^-  found.  ^  area. 


Aerea. 

Redtk'ld  fine  sandy  loam Utah,  Wyoming 86. K24 

Joam Utah 14,100 

clay  loam ..    do.     ..   .^.. 3,XO0 

Total 104,724 


Salt  Lake  series. 

The  Salt  Lake  series  consists  of  lacustrine  sediments  and  material 
derived  from  stream  deltas.  The  soils  of  this  series  occur  upon  low, 
level  plains,  marking  the  site  of  recent  lake  bottoms.  They  are  gen- 
erally barren,  deficient  in  drainage,  and  heavily  impregnated  with 
alkali  salts.  They  are  derived  from  eruptive,  sedimentary,  and 
altered  rocks  of  various  ages  and  are  without  gravel.  They  cover 
extensive  areas,  and  are  usuallv  dark  in  color. 

The  soils  of  the  Salt  Lake  series  are  in  general  not  adapted  to  the 
production  of  crops  at  present,  owing  to  their  low-lying  position, 
imperfect  drainage,  and  high  content  of  alkali  salts. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  dislribution  of  the  noils  of  the  »Sa/f  Lake  series. 


c«n  ..o«,^  states  in  which  each  tvpe  ha«  been 

hoii  name.  iound. 


Total 
area. 


Acres. 

Salt  Lake  sand Utah 2,292 

sandy  loam do •       51,:J08 

loam ; do i       19,908 

day  loam  a ' do '       89,  ltt6 

I  ' 

Total 1      102,734 


"  Mapped  as  Jordan  clay  Id  the  Salt  Lake  area,  Utah. 

Miscellaneous  soils  of  the  Qreat  Basin. 

The  Elsinore  sand  and  Elsinore  fine  sandy  loam  are  generaUy 
leachy  and  porous  or  poorly  drained  and  alkaline. 

(jypsuin,  derived  from  gypsum  deposits,  is  of  very  little  agricul- 
tural value. 

Meadow,  low-lying,  flat,  and  poorly  drained  land  of  variable  tex- 
ture. Frequently  of  some  value  for  grass  and  pasturage,  and  in  the 
South  for  corn  after  subsidence  of  floods.  Much  more  of  it  can  be 
reclaimed  by  simple  methods  of  drainage,  and  when  this  is  done 
excellent  results  can  be  secured  from  a  variety  of  crops. 

Rock  outcrop,  Rough  stony  land.  Steep  broken  land.  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 

The  Weber  fine  sandy  loam  is  the  most  important  soil  of  this  group, 
being  devoted  to  the  production  of  grains,  sugar  beets,  alfalfa,  and 
deciduous  fruits  when  irrigable  and  free  from  alkali. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  miseellaneous  soils  of  the  Great  Basin. 


Soil  name. 


States  In  which  each  type  has  been 
found. 


Totiil 
area. 


Acres. 


( 

Elsinore  fine  jiandy  loam Utah  '  7,800 

Elsinore  stuid do 1,900 

Gypsum Wyoming  I  2, 304 

Meadow I'l'ah  25.1H8 

Rock  outcrop,  Rougrh  stony  land,  Ste*ep    broken    do 1,300 

land,  Rough  broken  land,  and  Riverwash.               | 
Weber  fine  sandy  loam  « do 


107,904 


Total 14«,396 


"  Mapped  as  Fresno  tine  sandy  loam  In  the  Bear  River  area  and  Weber  County,  Utah. 

NOBTHWKSTERN    INTERMOUNTAIN    REGION. 

The  most  extensive  and  uniform  soil  types  of  this  region  consist 
of  residual  materials  overlying  and  derived  from  extensive  basaltic 
lava  plains  and  in  some  cases  from  granitic  rocks  or  of  ancient  lacus- 
trine sediments  or  extensive  lake  beds  now  more  or  less  modified  by 
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erosion  or  aeolian  agencies.  Owing  to  erosion  by  streams  and  to  move- 
ments of  the  earth's  crust,  these  soils  now  generally  occupy  more  or 
less  elevated  sloping  or  rolling  plains.  About  the  margins  of  the 
lacustrine  or  residual  deposits  they  are  covered  by  sloping  plains  and 
fans  of  coUuvial  wash  from  the  adjacent  mountain  borders,  while  in 
the  vicinity  of  the  larger  streams,  which  have  carved  and  terraced 
the  lacustrine  beds  and  residual  soils,  occur  other  series  of  recent 
alluvial  stream  sediments  derived  from  reworked  materials  of  the 
lake  beds  or  from  the  weathered  products  of  the  mountains.  It  is 
the  soils  of  this  region  that  constitute  a  large  portion  of  the  great 
grain-producing  lands  of  the  Northwest. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
1,456,428  acres. 

Brid^er  series. 

The  soils  constituting  this  series  occur  upon  mountain  foot-slopes, 
lower  foothills,  high  or  sloping  plains,  mesa  lands,  and  alluvial  fans 
or  fan  deltas,  and  consist  of  colluvial  mountain  waste  mixed  with 
stream  delta-cone  deposits.  The  higher  lying  areas  are  often  rough 
and  hilly,  marked  by  rock  outcrop,  bowlders,  or  glacial  morainic 
debris,  and  deeply  cut  by  stream  channels.  The  soils  are  generally 
treeless  or  sparsely  timbered,  except  in  the  vicinity  of  streams.  The 
members  of  this  series  are  derived  from  granitic  rocks,  gneiss,  basaltic, 
andesitic,  or  other  volcanic  rocks,  with  an  admixture  of  materials  de- 
rived from  sedimentary  rocks,  and  occupy  small  irregular  to  broad 
extensive  areas.  The  soils  are  generally  of  dark  color,  and  are  under- 
lain by  sticky  subsoils  of  light-gray  or  yellow  color.  The  soils  and 
subsoils  are  generally  gravelly,  the  gravel  varying  from  fine  angular 
chips  to  large,  well-rounded  or  angular  blocks  and  cobbles. 

The  soils  of  the  Bridger  series  are  usually  retentive  of  moisture 
and  extensively  utilized  for  the  production  of  dry-farmed  grains, 
consisting  of  wheat,  oats,  and  barley,  although  irrigation  is  some- 
times necessary  for  the  production  of  these  crops.  Under  irrigation, 
alfalfa,  clover,  timothy,  and  hardy  fruits  arc  also  produced  to  a 
limited  extent. 

The  acreage  of  the  types  so  far  cMicountered  is  as  follows: 

Area  and  tlistribution  of  the  hoUh  of  the  liridffvr  svrit^. 


Soil  tinme. 


Bridger  gravelly  loamo. 

loam  *> 

clay  loam 


StataH  in  which  each  type  has  been 
found. 


Total 
area. 


Total. 


Acres. 

Montana,  Oregon 29, 760 

Oregon 30,784 

Montana 1,472 


62,016 


"  Mapp<Hl  as  Maricopa  gravelly  loam  In  the  Bnker  City  area,  Oregon. 
^Mapped  as  Maricopa  sandy  loam  In  the  Baker  City  area,  Oregon. 
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Gallatin  series. 

The  Gallatin  series  occupies  lower,  nearly  level,  or  slightly  sloping 
stream  terraces  or  alluvial  river-valley  plains  adjacent  to  stream 
channels.  The  soils  of  this  series  are  formed  by  recent  flood-plain 
deposits,  with  an  admixture  of  reworked  lake  sediments.  They  are 
underlain  by  beds  of  gravel  and  cobbles,  at  depths  varying  from  a 
few  inches  to  several  feet,  sometimes  partially  cemented  by  lime.  The 
areas  are  often  marked  by  shallow  beds  or  channels  of  meandering 
streams,  and  are  frequently  timbered  or  covered  with  willow  or  brush 
thickets  in  the  vicinity  of  streams.  The  members  of  this  series  are 
derived  mainly  from  basaltic,  andesitic,  or  other  volcanic  rocks,  with 
an  admixture  of  material  derived  from  granites,  gneiss,  and  sedi- 
mentary or  altered  sedimentary  rocks.  They  occur  as  small  ir- 
regular to  broad  extensive  areas.  The  lighter  members  are  of  a 
light-gray  color  and  porous  structure,  and  are  usually  gravelly,  the 
gravel  consisting  of  well-rounded  pebbles.  The  heavier  members  are 
brown  to  black  in  color,  compact  in  structure,  usually  poorly  drained, 
are  sticky  when  wet,  and  have  a  tendency  to  puddle.  The  areas  are 
often  subject  to  overflow.  The  soils  are  underlain  by  light-gray  or 
yellowish  ashy  to  dark  compact  subsoils,  with  frequent  occurrences  of 
a  compact  adobelike  structure.  They  are  generally  rich  in  organic 
matter  and  of  a  mucky  consistency,  except  in  the  lighter,  higher  lying 
members. 

The  soils  of  the  Gallatin  series  often  occupy  a  low  position  of 
deficient  drainage  and  are  sometimes  injured  by  the  accumulation  of 
alkali  salts,  but  are  productive  when  well  drained.  They  are  utilized 
chiefly  for  pasture  lands  and  in  the  production  of  hay  and  grain 
crops.  Truck  crops  and  fruits  are  in  favorable  locations  successfully 
grown.  The  Gallatin  fine  sandy  loam,  in  the  Lewiston  area,  Idaho, 
occupies  a  protected  position,  with  climatic  conditions  favoring  inten- 
sive fruit  culture,  and  this  type  here  has  reached  a  high  state  of  devel- 
opment in  the  production  of  peaches,  cherries,  plums,  prunes,  grapes, 
apples,  and  other  fruits.  The  gravelly  loam  is  but  little  developed, 
and  is  then  used  for  hay  and  grain.  '  The  loam,  silt  loam,  and  clay 
are  often  subject  to  overflow  and  have  not  been  extensively  developed, 
but  are  adapted  to  vegetables,  hay,  grain,  and  forage  crops. 

58055— Bull.  55—09 12 
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The  acreage  of  the  types  so  far  encountered  is  as  follows; 

Area  and  distribution  of  the  soils  of  the  Oallatin  series. 


Boll  name. 


Gallatin  mvelly  loam 

fine  sandy  loam  a. 

loam6 

Hilt  loam <? 

clay  loam 


States  in  M'hlch  each  type  has  been  foiiml. 


Total 
area. 


Acres, 

Montana.  Washinjcton 42,624 

Idaho,  Montana 41,676 

Idaho,  Oregron,  Washlngrton ]      274, 368 

Idaho,  Montana 41,244 

Montana I  S96 


Total 400,808 


'  Mapped  as  Yakima  fine  saod  in  the  Lewiston  area.  Idaho. 

*  Mapped  as  Yakima  loam  In  Baker  City,  Oreg.,  Blackfoot,  Idaho,  and  Walla  Walla, 
Wash.,  areas. 

'^  Mapped  as  Yakima  silt  loam  in  the  Lewiston  area,  Idaho. 

Yakima  series. 

The  members  of  this  series  consist  of  ancient  lake  sediments,  with 
an  admixture  of  volcanic  dust  or  of  residual  soils  of  fine  texture,  or 
a  mixture  of  both.  The  materials  have  been  derived  mainly  from 
basaltic  and  andesitic  or  granitic  rocks.  The  soils  occur  upon  moun- 
tain foot  slopes,  elevated  lava  plateaus,  tablelands,  ridges,  or  rolling 
hills,  with  intervening  depressions,  sloping  valley  plains,  and  ele- 
vated stream  terraces.  The  higher  areas  are  often  rough  and  broken 
and  are  marked  by  rock  outcrop  and  forest  growth.  The  lower  lying 
areas  are  generally  gently  sloping  or  undulating,  dissected  by  minor 
stream  channels,  and  marked  by  bluff  and  terrace  lines  usually  strewn 
with  waterworn  gravel.  The  soils  of  this  series  generally  occur  in 
extensive  areas.  Both  soils  and  subsoils  are  of  a  light-gray  to  light- 
brown  or  buff  color,  usually  porous  structure,  and  ashy  texture  from 
a  few  to  many  feet  in  depth.  A  thin  layer  of  compact  adobelike 
structure  sometimes  occurs  in  the  subsoils,  which  are  underlain  by 
parent  rock  or  by  gravel  beds  occurring  at  considerable  depths.  The 
soils  usually  erode  rapidly  under  the  influence  of  streams  or  irriga- 
tion. The  subsoils  are  frequently  marked  by  the  presence  of  pockets 
of  volcanic  ash,  and  are  in  general  open  and  friable  in  structure. 

The  soils  of  the  Yakima  series  take  high  rank  in  the  production  of 
grains  and  of  intensively  irrigated  fruits  and  other  special  crops. 
The  stony  loam  and  the  sand  usually  lie  above  irrigation,  are  of  por- 
ous structure,  and  frequently  of  wind-blown  drifting  character,  and 
are  relatively  unimportant  members  of  the  series.  The  sandy  loam 
is  found  in  Idaho,  where  it  is  extensively  developed.  It  is  level  and 
fitted  for  irrigation,  but  is  yet  but  little  used.  The  fine  sand  occurs 
ill  elevated  areas,  sometimes  wind  blown,  but  when  capable  of  irriga- 
tion and  cultivation  is  adapted  to  ti-ee  fruits,  vegetables,  small  fruits, 
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alfalfa,  and  clover.  The  fine  sandy  loam  is  the  most  highly  devel- 
oped and  intensively  cultivated  member  of  the  series,  and  is  exten- 
sively devoted  to  the  production  of  choice  fruits,  consisting  of  winter 
apples,  peaches,  cherries,  etc.,  as  well  as  truck  crops,  cereals,  alfalfa, 
clover,  timothy,  and  hops.  The  loam  usually  occupies  elevated  posi- 
tions, and  is  frequently  timbered  when  occurring  in  the  vicinity  of 
Lewiston  and  Moscow,  Idaho,  but  these  timl)ered  tracts  are  now  being 
cleared  and  devoted  to  wheat,  oats,  and  flax,  while  the  production  of 
winter  apples  is  successfully  being  carried  on  to  a  limited  extent.  In 
the  Baker  City  area,  Oregon,  this  type  is  devoted  mainly  to  the  pro- 
duction of  oats,  barley,  and  hay  crops,  but  under  irrigation  is  capable 
of  successful  culture  to  fruits  and  truck  crops.  The  silt  loam  in  the 
Gallatin  Valley,  Montana,  is  devoted  to  dry-farmed  or  irrigated 
grains,  and  when  under  irrigation  also  to  the  production  of  alfalfa 
and  clover.  In  the  Lewiston  area,  Idaho,  and  Walla  Walla  area, 
Washington,  it  covers  large  areas  of  the  rolling  upland,  being  devoted 
principally  to  the  production  of  wheat  and  to  a  limited  extent  to 
vegetables,  apples,  cherries,  and  small  fruits. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Yakima  series. 


Soil  name. 


States  in  which  each  type  ha.s  been  found. 


Yakima  Htony  loam 

sand 

fine  sand  a 

sandy  loam 

fine  sandy  loam '» 

loam  <• 

silt  loam  << 

Total    


Washlnfrton 

Idaho 

Idiiho,  Washington 

Idaho 

Idaho,  Washington 

Idaho,  Oregon 

Idaho,  Montana,  Washington 


Total 
area. 


Acres. 

8,960 

48,448 

38,090 

29.760 

181,452 

29,760 

291,712 


628, 182 


'  The  soil  mapped  as  Yakima  fine  sand  In  the  Lewiston  area,  Idaho,  is  the  Gallatin  fine 
sandy  loam. 

*The  soil  mapped  as  Yakima  fine  sandy  loam  in  the  Walla  Walla  area,  Washington,  is 
Columbia  silt  loam,  and  so  mapp<H]  in  Lowiston  area,  Idaho,  Is  Yakima  silt  loam. 

'  The  soil  mappe<1  as  Yakima  loam  in  the  Baker  (^Ity  area,  Oregon,  Blackfoot  area, 
Idaho,  and  Walla  Walla  area,  Washington,  Is  Gallatin  loam. 

<*  The  soil  mapped  as  Yakima  slit  lonm  in  the  Lewiston  area,  Idaho,  Is  Gallatin  silt 
loam. 


Miscellaneous  soils  of  the  northwestern  intermountain  regrion. 

The  yniscellaneous  soils  of  the  northwestern  intermountain  region 
consist  of  a  number  of  types  covering  extensive  areas.  They  occupy 
rolling  uplands  or  elevated  sloping  plateaus  and  valley  plains,  and 
are  usually  devoted  to  grains  under  irrigation  or,  where  climatic  con- 
ditions permit,  to  the  same  crops  under  systems  of  dry-farming. 
Fruits  and  alfalfa  are  grown  in  limited  quantities  upon  some  of  these 
soil  types  under  favorable  conditions. 
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The  Boise  loam  and  silt  loam  are  underlain  by  more  or  less  indu- 
rated  lime  hardpan  on  mesa  lands.  When  tliis  hardpan  is  not  hard 
nor  too  near  the  surface  the  soils  are  adapted  to  grain,  fruit,  and 
alfalfa. 

The  Bozeman  silt  loam,  on  account  of  its  topography,  has  not  been 
developed  to  any  great  extent. 

The  Columbia  silt  loam  is  generally  devoted  to  grain. 

The  Deer  Flat  fine  sandy  loam  is  very  little  improved  for  lack  of 
available  water  for  irrigation.  ^Vhen  irrigated  it  is  adapted  to  truck, 
grain,  clover,  and  fruit. 

Meadow  is  low-lying,  flat,  and  poorly  drained  land  of  variable  tex- 
ture, frequently  of  some  value  for  grass  and  pasturage.  Much 
more  of  it  can  be  reclaimed  by  simple  methods  of  drainage,  and  when 
this  is  done  excellent  results  can  be  secured  from  a  variety  of  crops. 

Rock  outcroj),  Rough  stony  land.  Steep  broken  land,  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 

The  Walla  Walla  silt  loam  is  well  adapted  to  wheat  and  barley, 
giving  very  large  yields  of  both. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  miscellaneous  soils  of  the  northwestern  intermoun- 

tain  region. 


Sol]  name. 


Boise  loam 

Boise  si  It  loam 

Bozeman  silt  loani 

Columbia  Bill  loam  « 

Deer  Flat  fine  sandy  loam 

M  eadow  b 

Rock  outcrop,   Rough  stony  land.  Stoop   broken 

land,  Rough  broken  land,  and  Riverwash. 
Walla  Walla  silt  loam 


Total. 


Idaho 

.do 

Montana ! 

WtLshington 

Idaho  

Idaho,  Oregon,  Washington. 

.do 


Acret. 
61,960 
95,850 
76,e06 
26.688 
45,380 
29,012 
5,564 


«  Mapped  as  Yakima  fine  sandy  loam  In  the  Walla  Walla  area,  Washington. 
*  Mapi)ed  as  Muck  In  the  Ilaker  City  area.  Orejjon. 

ROCKY  MOUNTAIN  VALLEYS,  PLATEAUS,  AND  PLAINS. 

The  soils  of  the  Rocky  Mountain  valleys,  plateaus,, and  plains  are 
derived  from  a  wide  range  of  igneous,  eruptive,  metamorphic,  and 
sedimentary  rocks.  The  plateau  and  plain  types  occupy  a  more  or 
less  elevated  position  and  have  sloping,  undulating,  or  irregular  sur- 
face features.  They  are  derived  from  underlying  sedimentary  rocks 
or  consist  of  the  remnants  of  ancient  extensive  mountain  foot-slope 
material  or  of  alluvial  deposits  along  streams  trenching  and  terracing 
the  sedimentary  rocks  of  the  plateaus  and  plains.  The  mountain 
slope  and  intermountain  valley  types  consist  of  residual  and  coUuvial 
deposits  or  of  ancient  lacustrine  or  later  stream  sediments,  occupying 
mountain  foot  slopes  and  narrow  valleys. 
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The  soils  of  the  mountain  slopes  are  usually  of  little  agricultural 
value,  owing  to  tlieir  rough  surface,  elevated  position,  and  the  conse- 
quent impracticability  of  irrigation.  Those  of  the  plateaus,  valleys, 
and  plains  vary  widely  in  economic  importance,  depending  largely 
upon  climatic  features,  topographic  position,  and  water  supply  for 
irrigation.  They  range  from  grazing  lands  of  nominal  value  to 
soils  adapted  to  the  most  important  and  intensively  cultivated  fruit, 
melon,  sugar  beet,  and  other  special  crops. 

The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
2,939,840  acres. 

Billing^s  series. 

The  soils  of  the  Billings  series  consist  of  ancient  stream-deposited 
material,  with  an  admixture  of  residual  and  colluvial  material  de- 
rived from  shales,  sandstones,  or  adjacent  soil  bodies.  They  occur 
in  old  elevated  stream  terraces,  stream  flood  plains,  and  in  sloping 
valley  plains  or  as  second  bottoms  of  stream  valleys  carved  from  the 
sedimentary  rocks  of  elevated  plains  and  plateaus.  The  surface  is 
frequently  cut  by  arroyos,  or  intermittent  stream  channels.  The  soils 
often  cover  extensive  areas  and  are  prevailingly  of  dark  or  nearly 
black  color,  and  frequently  of  compact,  sticky,  adobelike  structure. 
In  depressions  or  along  lower  slopes  subject  to  seepage  from  irriga- 
tion from  more  elevated  soil  bodies  they  are  frequently  poorly  drained 
and  filled  with  alkali.  A\Tien  properly  draine(f  and  cultivated  they 
are  valuable  and  productive  soils. 

The  soils  of  the  Billings  series  are  utilized  mainly  in  the  produc- 
tion of  grains,  sugar  beets,  and  hay  crops.  The  gravelly  loam  and 
the  fine  sandy  loam  are  well-drained  types  free  from  alkali  and 
valued  for  their  adaptation  to  the  production  of  alfalfa,  sugar  beets,  ' 
fruits,  and  vegetables.  In  the  Grand  Junction  area,  Colorado,  the 
peach  and  apple  industries  have  reached  a  high  state  of  development 
on  the  latter  type.  The  loam,  silt  loam,  clay  loam,  and  clay  are  of  less 
importance  in  fruit-producing  industries,  but  are  generally  utilized 
for  the  production  of  sugar  beets,  hay  crops,  grains,  and  sometimes 
vegetables. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Billings  series. 


Soil  name. 


Billings  gravelly  loam. . . 
fine  sandy  loam. 

loam 

silt  loam 

clayloama 

clay 


Total 


StateH  in  which  each  type  has  been  found. 


Montana 

Colorado,  Montana 

Colorado 

do 

Colorado,  Montana 

Colorado,  Montana,  Wyoming 


Total  area. 


Acres. 
11, 776 
40,612 
41,984 
9.664 
30.272 
38.912 


173,120 


o  Mapped  an  nillfngs  loam  In  the  Billings  area,  Montana. 
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Colorado  series. 

The  soils  of  the  Colorado  series  consist  of  colluvial  and  alluvial 
material  of  ancient  mountain  foot  slopes,  more  or  less  modified  by  or 
mingled  with  recent  alluvial  wash  and  with  residual  material  de- 
rived from  underlying  sandstones,  limestones,  or  shales.  They  oc- 
cupy elevated  undulating  prairies  or  treeless  plains,  marked  by  occa- 
sional low,  rounded  ridges  or  hills,  deep,  narrow  arroyos,  or  broad, 
gently  sloping  valleys.  In  eroded  districts  bluff  or  terrace  lines, 
strewn  with  waterworn  pebbles  and  outcropping  ledges  of  sedimen- 
tary rocks,  are  frequent.  The  smaller  stream  valleys  are  often  sub- 
ject to  overflow,  and  the  uplands  are  frequently  marked  by  depres- 
sions or  local  drainage  basins.  The  transported  material  is  derived 
largely  from  granitic  and  allied  rocks  of  the  Rooky  Mountains.  The 
soils  and  subsoils  are  generally  of  light-gray  to  reddish-brown  or 
light-brown  color,  and  frequently  occur  as  extensive  areas.  They  are 
generally  productive  under  irrigation,  but  sometimes  poorly  drained 
and  alkaline  in  depressions  when  subject  to  seepage  from  higher  ele- 
vations. 

The  soils  of  this  series  usually  occur  in  extensive  bodies  and  fre- 
quently occupy  positions  above  present  irrigation  facilities,  or  are 
sometimes  rendered  unproductive  locally  through  the  accumulation 
of  seepage  waters  and  alkali.  The  gravelly  loam,  sand,  and  sandy 
loam  are  well-drained  types  free  from  alkali,  but  frequently  unirri- 
gable  owing  to  their  position  above  present  irrigation  systems. 
Where  irrigated,  alfalfa,  sugar  beets,  melons,  vegetables,  and  some 
small  fruits  are  profitably  grown.  The  fine  sandy  loam  and  the 
loam  are  sometimes  poorly  drained,  but  are  in  general  valuable  soil 
types  utilized  extensively  for  the  production  of  alfalfa,  sugar  beets, 
potatoes,  and  grains  when  brought  under  irrigation.  The  clay  loam 
and  the  loam  adobe  are  devoted  chiefly  to  alfalfa  and  to  grain  crops. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Colorado  series. 


Soil  name. 


States  in  which  each  type  has  been 
found. 


Colorado  grravelly  loam Colorado 

sand  o I  Colorado,  Kan.sa.H. 

tmndy  loam  h i do 

fine  Handy  loam Colorado 

loam Colorado,  Kansas. 

clay  loam** Colorado . . 

loam  adobe do 


Total, 


Total 
area. 


Acres. 

33,408 

139.520 

183.296 

196,480 

125,824 

832 

42.880 


7-22,240 


« Mapped   as   Fresno   sand   and   Maricopa   sand    in    the    Lower  Arkansas   Valley   area, 
Colorado. 

*  Mapped  as  Maricopa  sandy  loam  in  the  Ix>wpr  Arkansas  Valley  area,  Colorado. 

*  Mai)|)ed  as  Maricopa  clay  loam  In  the  Lower  Arkansas  Valley  area,  Colorado. 
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Finney  series. 

The  Finney  fine  sandy  loam  is  a  very  productive  type,  being 
adapted  to  the  common  grain  crops,  such  as  corn,  wheat,  and  oats,  as 
well  as  to  alfalfa,  from  which  four  cuttings  are  obtained.  Brome  grass 
and  fescue  yield  heavily.  Corn  yields  from  25  to  60  bushels  per  acre, 
wheat  from  20  to  25  bushels,  oats  from  35  to  45  bushels,  and  sugar 
beets  5  tons  per  acre.  Much  of  this  soil  is  still  in  pasture.  Modern 
machinery  is  seen  in  the  alfalfa  fields,  and  the  most  improved  farms 
are  on  this  type.  Generally  the  fine  sandy  loam  is  not  strongly  alka- 
line. The  loam  of  this  series  is  sufficiently  rolling  to  admit  of  excel- 
lent drainage,  and  practically  all  of  this  soil  is  suitable  for  cultivation. 
It  supports  in  some  places  a  good  growth  of  prairie  grass.  It  is 
very  productive  and  adapted  to  a  diversity  of  crops,  their  growth 
being  controlled  more  by  the  moisture  supply  than  by  the  fertility 
of  the  soil.  Com,  wheat,  and  oats  are  grown,  while  alfalfa,  clover, 
brome  grass,  and  fescue  also  do  well.  Corn  yields  from  25  to  40 
bushels,  wheat  from  15  to  35  bushels,  and  alfalfa  from  2  to  3  tons  to 
the  acre.  Onlv  a  small  area  is  devoted  to  oats.  About  one-half  of 
the  area  surveyed  is  in  pasture.  The  farmers  must  depend  upon  rain- 
fall for  water  supply,  since  there  is  no  water  available  for  irrigation. 
The  areas  of  Finney  clay  are  small  in  extent.  None  of  it  is  under 
cultivation,  but  nearly  all  the  meadows  are  covered  by  native  grasses 
which  constitute  excellent  hay  crops.  From  1^  to  2^  tons  of  hay  per 
acre  are  secured.  Wheat  and  flax  might  be  grown  on  the  better 
drained  meadows,  where  there  is  no  danger  of  standing  water.  This 
type  is  at  present  of  no  agricultural  value.  The  greater  portion  of 
the  sandy  loam  of  this  series  on  the  uplands  is  used  for  range  pur- 
poses, though  an  occasional  field  of  sorghum  is  found.  On  the  second 
bottom  lands  where  this  soil  is  found  alfalfa  is  often  planted,  which 
is  more  remunerative  as  a  seed  crop  than  as  forage.  The  soil  is  free 
from  alkali,  but  the  subsoil  contains  considerable  lime. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Finney  series. 


ar.n  „..^,^  States  in  which  each  type  has  been 

Soil  name.  ^^^^^^  '^ 


Finney  sandy  loam 

fine  Handy  loam. 

loam 

clay 


Total, 


Kansas 

Nebraska 

Nebraska 

Nortli  Dakota 


Total 
area. 


6,272 
40,128 
11,008 

3,2&1 

60,672 
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Fruita  series. 

The  soils  of  the  Fruita  series  are  similar  in  origin,  mode  of  forma- 
tion, and  topographic  features  to  those  of  the  Billings  and  the  Mesa 
series.  They  are  usually  of  a  reddish-brown  color,  somewhat  com- 
pact structure,  though  friable  under  cultivation,  and  in  lower  depres- 
sions are  often  poorly  drained  and  filled  w^ith  alkali. 

The  soils  of  this  series  are  of  a  very  productive  character,  but  have 
been  considerably  injured  by  poor  drainage  and  the  collection  of 
seepage  waters  and  alkali.  They  are  well  adapted  to  the  production 
of  fruits  and  sugar  beets.  Apples  and  pears  are  profitably  grown 
upon  the  better  drained  portions  of  areas  covered  by  both  types,  but 
they  are  for  the  most  part  at  present  generally  utilized  for  the  pro- 
duction of  alfalfa,  grains,  sugar  beets,  and  vegetables. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 


Arra  and  dMribution  of  the  itoiJit  of  the  Fruita  scries. 


Soil  iinme. 


Fruita  fine  namly  Umm. 
loom 


SUttes  in  which  carh  type  has  been 
found. 


Total 
area. 


Total. 


(^olorado 
tlo. ., 


3,968 
512 


4,480 


Laramie  series. 

The  Laramie  series  occurs  upon  mountain  foot  slopes  and  high, 
broken,  sloping  or  undulating  plains.  The  surface  is  often  gravelly 
or  strewn  with  cobbles  or  bowlders,  and  is  frequently  cut  by  inter- 
mittent stream  channels  or  marked  by  rock  outcrop.  Depressions  or 
basins  of  intermittent  lakes  frequently  occur.  The  soils  consist  of 
coUuvial  mountain  waste  modified  by  alluvial  stream  wash  or  glacial 
debris,  and  are  derived  from  granitic  rocks,  gneiss,  schist,  quartzites, 
etc.,  with  an  admixture  of  material  from  sedimentary  rocks.  They 
occur  as  extensive  areas  of  dark-colored  soils,  generally  underlain  by 
light-colored  gravelly  subsoils,  and  are  well  drained  and  free  from 
alkali,  except  for  local  poorly  drained  depressions. 

The  gravelly  loam  is  a  well-drained  type,  free  from  alkali,  but 
owing  to  its  open,  porous  structure  and  topographic  position  is  gen- 
erally at  present  of  but  little  agricultural  value,  save  for  grazing 
purposes.  The  sandy  loam  is  well  adapted  to  general  farm  crops,  and 
is  devoted  principally  to  the  production  of  wheat,  oats,  potatoes,  and 
alfalfa. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 
Area  and  distribution  of  the  soils  of  the  Laramie  series. 


Soil  name. 


Laramie  gravelly  loam 
sandy  loam . . . 


Total. 


States  in  which  each  type  hai*  been  found.       i  Total  area 


Wyoming:. 
do.... 


Acre*. 
19,200 

»6,272 

1U5, 472 


Laurel  series. 

The  soils  of  the  Laurel  series  occupy  low,  nearly  level  or  slightly 
sloping  stream  terraces  and  river  flood  plains  or  more  elevated  slopes 
adjacent  to  intermittent  streams  subject  to  flood.  They  consist  of 
recent  alluvial  sediments  deposited  from  the  turbid  flood  waters  of 
wide,  shallow,  shifting  streams  traversing  elevated  valleys,  plains,  or 
plateaus.  The  soils  vary  in*  color  from  light  gray  to  reddish  brown 
or  black,  according  to  position  and  the  quantity  of  organic  matter 
present,  and  are  often  poorly  drained  and  filled  with  alkali. 

The  fine  sand  and  the  fine  sandy  loam  are  of  loose,  leachy  character 
and  subject  to  overflow.  They  are  usually  devoted  to  pasture  or  to 
sugar  beets,  truck  crops,  and,  when  the  water  table  does  not  too  closely 
approach  the  surface,  to  alfalfa.  The  fine  sandy  loam  occurring  in 
the  Russell  area,  Kansas,  and  Sarpy  County,  Nebr.,  is  utilized  chiefly 
in  the  growing  of  corn  and  alfalfa.  The  loam  and  loam  adobe  are 
devoted  mainly  to  the  production  of  alfalfa,  sugar  beets,  and  grains. 
The  clay  loam,  which  occurs  in  the  San  Luis  Valley,  Colorado,  is  not, 
however,  esteemed  desirable  for  grain  or  alfalfa,  but  is  utilized 
mainly  for  pasture. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Laurel  series. 


Soil  name. 


Laurel  gravelly  loam. . . 
nnesanda 

sandy  loam 

fine  sandy  ioam. 

loam 

silt  loam 

clay  loam 

loaif  adobe 

clay 


Total 


States  in  which  each  type  has  been  found. 


Nebraska  . . .: 

Colorado,  Kansas,  Nebraska 

Colorado,  KansM,  Montana.  Nebraska,  Wyoming. 

Kansas,  Nebraska,  North  Dakota 

Colorado,  Kansa-s,  Nebraska,  North  Dakota 

North  Dakota 

Colorado,  Kansas,  North  Dakota 

Kansas 

North  Dakota 


Total 
area. 


Acres. 

16,448 

16.512 

136,960 

21,632 

118,016 

18,880 

27,008 

1.472 

6,656 


363,584 


«  Mapped  as  Fresno  fine  sand  in  the  Lower  Arkansas  Valley,  Colorado. 
Mesa  series. 

In  origin,  mode  of  formation,  and  topographic  features  the  soils 
of  the  Mesa  series  are  similar  to  those  of  the  Billings  and  the  Fruita 
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series.  They  consist  of  former  flood-plain  deposits  now  existing  as 
old  elevated  river  terraces  or  mesa  lands.  The  surface  is  often  rough 
and  hilly.  The  soils  generally  vary  from  light  gray  to  chocolate 
brown  in  color,  are  friable  to  compact  in  structure,  and  are  underlain 
by  shale  and  sandstone  rock.  They  are  sometimes  poorly  drained  and 
impregnated  with  alkali  in  small  local  depressions. 

The  fine  sandy  loam  occurs  mainly  in  uncultivated  tracts,  which  are 
gradually  coming  into  use  for  the  production  of  orchard  fruits, 
alfalfa,  and  truck  crops,  for  which  this  soil  is  admirably  adapted. 
The  clay  loam  and  clay  are  sometimes  poorly  drained,  and  these 
types  are  chiefly  utilized  in  the  cultivation  of  sugar  beets,  alfalfa, 
and  grain. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Mesa  series. 


Soil  name. 


States  in  which  each  type  han  been  found. 


Total  area. 


Mesa  fine  sandy  loam . 

clay  loam 

clay 


Total. 


Colorado 

do... 

do... 


Aer€$. 
34,432 
2,240 
22,464 

59,136 


Horton  series. 

The  Morton  series  includes  soils  derived  principally  from  the  sand- 
stones and  shales  of  the  Laramie  formation.  They  are  brown  in  color, 
owing  to  the  accumulation  of  a  considerable  amount  of  organic  matter. 
Being  formed  in  a  region  of  low  rainfall,  these  soils  and  especially 
the  subsoils  are  usually  rich  in  lime. 

The  most  important  soil  in  the  Morton  series  is  the  loam  which  com- 
prises the  greater  part  of  the  safe  farming  land  in  the  upland  portion 
of  Morton  County,  N.  Dak.  It  is  very  productive,  retentive  of  mois- 
ture, and  easily  tilled.  In  average  seasons  it  produces  good  crops  of 
wheat,  flax,  and  oats.  The  fine  sandy  loam,  while  not  so  retentive  of 
moisture  as  the  loam,  is  usually  a  good  farming  soil  and  for  many 
years  it  has  produced  a  good  average  of  profitable  crops.  The  texture 
adapts  it  to  truck  crops  and  vegetables  that  require  a  rapid  growth 
during  a  short  season.  For  this  reason  it  is  better  adapted  to  com 
than  are  some  of  the  other  soils,  but  the  possibility  of  injury  from 
drought  is  greater  than  in  the  heavier  soils.  The  stony  loam  furnishes 
excellent  grazing.  The  open,  porous  nature  and  topography  of  the 
fine  sand  render  it  imable  to  retain  moisture,  so  that  the  areas  have 
a  very  low  agricultural  value  except  for  grazing.  In  McKenzie 
County,  N.  Dak.,  where  the  silt  loam  has  been  mapped  none  of  the 
type  has  ever  been  broken  up  for  cultivation  and  probably  not  more 
than  2  per  cent  is  mowed  for  hay.  It  is  used  almost  entirely  for  graz- 
ing.   It  is  one  of  the  best  upland  soils  of  this  section  and  if  climatic 
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conditions  were  favorable  it  would  produce  fine  crops.    The  clay  loam, 
clay,  and  gumbo  are  used  for  pasture. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distrihution  of  ihv  soils  of  the  Morton  scries. 


e^ii  .^<.«n^  states  in  wliioli  each  tviH»  has  been        Total 

^""*™«-  foun<I.  area. 


I  Arrrs. 


Morton  stony  loam North  Dakota 

fine  sand do 

fine  sandy  loam ' do 

loam do 

silt  loam do 

clay  loam do 

clay do 

gumbo do 


Totol. 


48.128 

4.352 

117,952 

163.456 

104.576 

17,024 

704 

8,448 


464,640 


San  Luis  series. 

The  material  forming  the  San  Luis  series  was  derived  originally 
from  volcanic  rocks,  principally  trachyte,  and  represents  ancient 
lacustrine  sediments  or  lake  beds,  more  or  less  modified  by  subsequent 
alluvial  wash,  wind  drifting,  and  weathering.  The  soils  occupy 
filled  valleys  as  broad,  nearly  level,  or  gently  sloping  plains,  the  sur- 
face being  broken  only  by  small  mounds  or  ridges  or  by  forms  pro- 
duced by  wind-drifting.  They  occur  as  small  irregular  to  broad, 
extensive  areas,  often  gravelly,  the  gravel  consisting  of  medium  to 
fine  fragments.  The  soils  are  of  reddish-brown  color,  porous  struc- 
ture, and  are  underlain  by  sands  and  coarse,  rounded  gravel.  The 
lower  lying  bodies  are  often  subject  to  injury  from  seepage  and  accu-* 
mulation  of  alkali  from  irrigation  upon  higher  adjacent  soils. 

The  sand  is  a  loose,  porous  soil  requiring  heavy  irrigation,  which 
has  been  followed  in  the  San  Luis  Valley,  Colorado,  where  these  soil 
types  occur,  by  more  or  less  injury  from  the  collection  of  seepage 
waters  and  alkali.  The  same  is  true  more  or  less  of  the  sandv  loam. 
Both  these  soils  are  devoted  mainly  to  the  production  of  grains  and 
field  peas.  The  loam  is  a  poorly  drained  type  containing  more  or 
less  alkali  and  is  of  minor  agricultural  importance. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Ban  Luis  scries. 


Soil  name. 

States  in  which  each  type  has 
found. 

been 

Total 
area. 

San  Louis  sand 

Colorado  . . . 
do 

Aerra. 
136,960 

sandy  loam 

196,992 

loam 

do 

9.088 

Total 

348,040 

Wade  series. 

The  Wade  series  consists  of  brown  to  dark -brown  alluvial  soils 
formed  by  the  reworking  of  the  sandstones  and  shales  belonging 
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principally  to  the  Laramie  formation.  They  occur  throughout  the 
area  where  the  Morton  soils  form  the  uplands.  They  contain  a  con- 
siderable amount  of  lime,  and  some  of  the  more  poorly  drained  areas 
contain  alkali. 

The  soils  of  the  Wade  series  are  good  farming  soils  when  rainfall 
is  sufficient.  The  fine  sandy  loam  is  now  largely  under  cultivation 
in  Morton  County,  N.  Dak.,  and  oats,  flax,  millet,  and  com,  and,  to 
a  less  extent,  wheat,  are  grown  with  profitable  results.  Heretofore 
oats  have  been  the  most  successful  and  profitable  crop.  All  kinds  of 
vegetables  may  be  produced  in  large  quantities  when  there  shall 
arise  a  demand  for  such  products,  but  at  present  they  are  grown  only 
for  home  use.  The  silt  loam  has  a  large  amount  of  humus  that  gives 
it  a  dark  color  and  a  loamy  character,  which  makes  it  easily  tilled. 
A  considerable  proportion  is  cultivated,  as  it  is  a  favorite  type  of 
soil  with  the  homesteader.  It  is  very  productive,  withstands  drought 
well,  and  is  well  adapted  to  any  of  the  usual  field  crops.  The  loam 
is  the  most  desirable  of  the  series,  agriculturally.  The  soil  is  reten- 
tive of  moisture  and  advantageously  situated  for  purposes  of  general 
farming,  and  especially  for  stock  raising.  None  of  the  clay  has  yet 
been  cultivated,  although  it  is  a  productive  soil,  and  aside  from  the 
difficulties  of  tillage  it  should  be  very  desirable  farming  land.  The 
small  areas  make  excellent  hay  meadows. 

The  acreage  of  the  types  so  far  encounted  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Wade  series. 


ttr^ii  naTT^c.  '   Stutcs  ID  whlch  each  type  has  been 

bou  name.  .  found. 


Wade  fine  sandy  loam   North  Dakota 

loam do 


siltlocun. 
clay 


Total. 


.do 
.do 


Total 
area. 


Acrn, 
12.608 

8,576 
28.352 

8.256 


57,792 


Miscellaneous  soils  of  the  Bocky  Mountain  valleys  and  plains. 

The  Fort  Collins  loam  is  generally  level,  with  occasional  slight 
undulations.  It  is  for  the  most  part  a  residual  soil  formed  by  the 
weathering  in  place  of  shaly  sandstones  and  sandy  shales.  The  type 
is  well  adapted  to  wheat,  oats,  barley,  alfalfa,  sugar  beets,  potatoes, 
and  apples. 

Very  little  of  the  Gannett  fine  sand  is  cultivated,  most  of  it  being 
utilized  as  pasture.  It  occurs  in  the  bottoms  along  the  foot  of  the 
sandhills  in  Nebraska. 

The  Lancaster  fine  sandy  loam  is  very  limited  in  extent  and  is  not 
a  good  soil  for  general  farming. 

The  North  Platte  loam  occupies  level  second  bottoms  along  the 
Platte  River.  Corn  and  alfalfa  produce  well,  and  wheat,  sugar  beets, 
fruits,  and  vegetables  should  be  fairly  successful. 
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The  Orman  clay  (consists  of  material  washed  from  the  Pierre  shale 
and  deposited  in  lakes.  At  the  present  time  hardly  any  of  this  land 
is  under  cultivation,  but  it  is  probably  well  adapted  to  crops  grown 
in  this  section.  The  soil  contains  considerable  alkali,  and  proper 
methods  to  guard  against  injury  from  this  source  should  be  adopted 
when  it  is  put  under  irrigation. 

The  Osgood  fine  sandy  loam  represents  coUuvial  wash  from  the 
more  sandy  loess  in  central  Nebraska.  It  is  a  fine  soil,  producing 
good  crops  of  corn,  wheat,  oats,  alfalfa,  sugar  beets,  and  hay. 

The  Pierre  clay  is  quite  extensively  developed,  being  derived  from 
the  Pierre  shale.  The  acreage  farmed  is  very  small,  and  the  type  is 
used  largely  for  grazing  purposes:  It  gives  a  fair  growth  of  native 
grasses,  and  the  lower  lying  portions  are  sometimes  cut  for  hay. 
Small  irrigated  areas  give  good  crops. 

The  Pierre  clay  loam  supports  a  good  growth  of  grass  and  is  used 
to  a  limited  extent  as  a  range  for  stock.  Near  the  streams  the  growth 
of  grass  is  heaviest,  and  here  it  is  cut  for  hay.  Some  of  the  type  is 
farmed  without  irrigation,  the  principal  crops  being  alfalfa  and  oats, 
with  some  wheat  and  corn.  The  yields  vary  widely,  being  dependent 
upon  the  rainfall. 

Rock  outcrop,  Rough  stony  land.  Steep  broken  land.  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 

The  Scoria  gravel  and  Epping  clay  are  of  little  agricultural  im- 
portance. 

Sandhill  and  Dunesand  are  deep  sands  of  little  agricultural  value. 

Swamp  and  Marsh  comprise  areas  covered  with  water  the  greater 
p^rt  of  the  year  and  unfit  for  agriculture,  except  where  drained  and 
protected  from  tidal  or  fiuvial  overflow.  When  reclaimed  much  of 
this  land  will  become  very  productive. 

Both  dry  farming  and  farming  under  irrigation  are  practicable  on 
the  Vale  fine  sandy  loam.  In  the  dry-farming  section  it  produces 
good  crops  of  alfalfa,  oats,  and  corn  in  seasons  of  average  rainfall. 
Under  irrigation  alfalfa  produces  5  to  7  tons,  oats  60  to  70  bushels, 
and  wheat  25  to  35  bushels  per  acre.  Corn  also  gives  good  returns 
when  not  damaged  by  early  frosts. 

On  account  of  its  steep  surface  slope  a  large  part  of  the  Vale  grav- 
elly sandy  loam  is  suited  only  to  pasture.  Under  irrigation  the  more 
level  areas  should  prove  well  adapted  to  such  fruits  as  thrive  on 
gravelly  soils  in  this  climate. 

Alfalfa  and  small  grains,  principally  oats  and  wheat,  do  well  on 
the  Vale  loam,  and  the  yields  approximate  those  obtained  on  the  fine 
sandy  loam.  In  the  Red  Water  and  Spearfish  valleys.  South  Dakota, 
this  soil  has  proved  well  adapted  to  apples,  plums,  cherries,  and  small 
fruits. 
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The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  misceUaneous  soils  of  the  Rocky  Mountain  valleys 

and  plains. 


Soil  name. 


StAtes  in  which  each  type  has  been  found. 


Eppins;  clay I  North  Dakota 

Fort  Collins  loam Colorado 

Gannett  line  sand '  Nebraska 

Lancaster  fine  sandy  loam do 

Meadow ■ do 

North  Platte  loam do , 

Orman  clay i  South  Dakota 

Ofsgood  fine  sandy  loam i  Nebraska 

Pierre  clay South  Dakota 

Pierre  clay  loam do 

Rock  outcrop,  etc Colorado,    Kansas,    Nebnuska,    North    Dak(»ta. 

I      Wyoming. 

Sandhill  and  Dunesand    Colorado,  Kansa.*,  Nebraska 

Scoria  gravel North  Dakota 

Swamp  and  Marsh '  Colorado,  Montana 

Vale  fine  sandy  loam South  Dakota , 

Vale  gravelly  sandy  loam * do 

Vale  loam do , 


Total. 


Total  area. 

Acres. 

S»l 

14, 144 

8,448 

2,368 

46,272 

28,936 

14,912 

16.320 

41.088 

24,192 

86,080 

248,192 

25.920 

8,648 

23,936 

2,804 

3,520 

585,664 


ARID   SOUTHWEST. 


The  soils  of  the  arid  Southwest  are  mainly  of  coUuvial,  alluvial, 
and  lacustrine  origin.  They  occupy  mountain  foot  slopes,  alluvial 
fans,  debris  aprons,  or  sloping  plains  of  filled  valleys,  sloping  or 
nearly  level  plains,  and  bottoms  of  stream  valleys  or  sinks  and  drain- 
age basins.  The  principal  colluvial  soils  of  this  region  are  also  com- 
mon to  the  Pacific  coast.  The  climate  of  the  arid  Southwest  is  char- 
acterized by  semitropical  desert  conditions,  and  where  the  soils  are 
not  capable  of  irrigation  they  have  little  or  no  present  agricultural 
value.  The  aggregate  area  of  the  soils  surveyed  in  this  province  is 
1,1*31,155  acres. 

Gila  series. 

The  Gila  series  consists  of  recent  stream  deposits  derived  from  a 
variety  of  rocks,  and  occurs  over  river  flood  plains  and  lower  stream- 
formed  terraces.  The  soils  of  this  series  are  generally  subject  to  over- 
flow, and  are  often  eroded  or  modified  by  torrential  floods,  cut  by 
stream  channels,  more  or  less  wind  drifted,  and  frequently  covered 
with  dense  thickets  of  willow,  cottonwood,  mesquite,  canaigre,  or 
other  small  timber  or  bushes.  They  are  of  light  to  dark  brown  color. 
The  soils  of  this  series  are  sometimes  interstratified  with  minor  layers 
of  heavier  sediments  and  are  distinguished  from  those  of  the  Imperial 
series  by  being  underlain  at  varying  depths  by  coarse  river  sands  and 
gravels.  The  fine  sandy  loam  and  the  fine  sand,  w^hen  irrigable  and 
well  drained,  are  well  adapted  to  the  production  of  fruit,  truck  crops, 
melons,  potatoes,  and  alfalfa,  but  the  surface  is  sometimes  uneven 
and  the  soils  are  occasionally  poorly  drained  or  affected  with  alkali* 
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The  other  soils  of  this  series  are  frequently  subject  to  overflow  or  are 
poorly  drained  and  contain  alkali,  but  when  well  drained  they  are 
adapted  to  alfalfa,  grains,  or  other  general  farm  crops. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Oila  series. 


Soil  name. 


Gila  fine  sand  a 

fine  sandy  loam  b 

loam  o 

rilt  loam 

clay  loam 

clay 


States  in  which  each  type  has  been  found. 


Arizona,  California,  New  Mexico 

Arizona 

Arizona,  California 

do 

do 

do 


Total 
area. 


Aere8. 
81,042 
43,794 
79,  '282 
12,672 
24,3»4 
17, 751 


Total 208,875 


'  Mapped  as  Imperial  sand  In  the  Yuma  area,  Arizona-California. 

*  Mapped  as  Gila  fine  sandy  loam  In  the  Solomonsrllle  area,  Arizona,  ami  the  Imperial 
area.  California. 

"  Mapped  as  Imperial  sandy  loam  in  the  Yuma  area,  Arizona-California. 

Imperial  series. 

The  Imperial  series  consists  of  old  marine  or  lacustrine  sediments 
more  or  less  covered  or  modified  by  subsequent  river  overflow  de- 
posits. The  soil  types  of  this  series  are  derived  from  a  variety  of 
rocks  and  usually  occur  as  extensive  bodies  covering  low,  level,  or 
slightly  sloping  valley  floors.  Unlike  the  soils  of  the  Gila  series,  they 
are  underlain  to  great  depths  by  heavy  sediments  of  close  and  more 
or  less  impervious  njiture.  The  surface  is  sometimes  marked  by  bluff 
or  shore  lines,  sloughs,  or  stream  channels,  and  is  usually  considerably 
modified  by  drifting.  The  soils  are  generally  of  light  or  reddish 
color,  and  in  the  heavier  members  are  frequently  poorly  drained 
and  filled  with  alkali.  The  sand  and  sandy  loam  are  important  types 
of  this  series  adapted  to  the  production  of  fruits,  truck  crops,  and 
alfalfa  or  forage  crops  under  irrigation.  The  clay  loam  and  the  clay 
frequently  contain  an  excess  of  alkali  salts  and  are  cultivated  with 
difficulty,  owing  to  heavy  or  fine  texture  and  compact  structure,  but 
if  well  drained  are  suitable  for  the  production  of  alfalfa,  sorghum, 
and  millet. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Imperial  series. 


Soil  name. 


Imperial  sand  a 

sandr  loam  o 
clay  loam  ... 
clay 


States  in  which  each  type  has  been 
found. 


Total 
area. 


Acre». 

1,792 
126,656 

.do I      341,066 

do !        46. 912 


California 
do.... 


I 


Total. 


516,416 


^The  soil  mapped  as  Imperial  sand  in  the  Yuma  area,  Arizona,  is  the  Gila  fine  sand. 
^The  soil  mapped  as  Imperial  sandy  loam  in  the  Yuma  area,  Arizona-California,  is  tbo 
Gila  fine  sandy  loam. 
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Indio  series. 

The  Indio  series  occurs  in  desert  valleys,  covering  sloping  valley 
plains,  upper  valley  slopes  at  the  foot  of  mountain  ranges,  and  moun- 
tain foot  slopes.  The  soils  are  derived  mainly  from  granitic  rocks, 
mingled  with  some  shale  and  sandstone  material,  and  are  formed  by 
coUuvial  and  alluvial  wash  from  intermittent  or  torrential  streams, 
and  in  certain  cases  have  been  deposited  in  the  waters  and  modified 
by  the  shore  deposits  of  ancient  lakes  or  bays.  They  are  generally  of 
light  color  and  porous  structure,  usually  underlain  by  coarser  sands 
and  gravels,  and  their  surface  is  rough  and  hilly,  scarred  by  the  chan- 
nels of  intermittent  streams  or  drifted  bv  winds.  The  fine  sand  is  an 
important  agricultural  type  of  this  series,  adapted  particularly  to  the 
production  of  sweet  potatoes,  melons,  and  vegetables.  It  is  of  special 
importance  in  the  cantaloupe  industry  of  the  arid  Southwest.  It 
is  also-  a  good  soil  for  forage  crops.  The  fine  sandy  loam  is  adapted 
to  the  same  crops,  though  often  poorly  drained  and  affected  with 
alkali.  In  most  cases  the  gravelly  loam  and  the  sand  either  lie  above 
the  irrigation  systems  or  have  a  surface  too  uneven  for  irrigation ;  but 
when  irrigable  and  free  from  alkali  they  are  usually  adapted  to  the 
production  of  fruits  and  vegetables. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Indio  series. 


Soil  name. 


State  In  which  each  type  has  been 
found. 


Indio  gravelly  loam 
sand  a 


Total 
area. 


43,328 


California 

....do '  60;il2 

fine  sand  i> do 86, 082 

fine  Bandy  loam  r do 4*2,432 

Total 1  171,904 


I 


«  Mapped  as  Fresno  sand  in  the  Indio  area,  California. 

^  Mapped  as  Fresno  fine  sandy  loam  in  the  Indio  area,  California. 

"  Mapped  as  Fresno  sandy  loam  in  the  Indio  area,  California. 

Miscellaneous  soils  of  the  arid  Southwest. 

The  Pecos  sandy  loam  is  a  well-drained  soil,  free  from  alkali  and 
is  usually  recognized  as  the  best  general  farming  land  of  the  localities 
in  which  it  occurs. 

The  Roswell  fine  sandy  loam  and  the  Roswell  loam  are  rather  poorly 
drained  and  frequently  contain  injurious  amounts  of  alkali,  but  when 
well  drained  and  free  from  alkali  are  well  adapted  to  the  production 
of  alfalfa  and  general  farm  crops. 

The  Yuma  sand  has  a  level,  smooth  surface,  is  well  drained,  and  is 
adapted  to  the  production  of  citrus  fruits,  figs,  grapes,  vegetables, 
melons,  etc. 

The  Glendale  clav  loam  is  usuallv  well  drained,  free  from  alkali, 
and  adapted  to  grain,  alfalfa,  and  in  the  case  of  the  lighter  phages 
to  fruits. 
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The  Pecos  conglomerate  is  a  nonagricultural  type. 

Gypsum  is  foimd  on  level  bench  lands  in  New  Mexico.  It  is  de- 
rived from  gypsum  deposits  and  is  of  little  agricultural  value. 

Meadow  consists  of  low-lying,  flat,  and  poorly  drained  land  of 
variable  texture.  It  is  frequently  of  some  value  for  grass  and  pas- 
turage. Much  more  of  it  can  be  reclaimed  by  simple  methods  of 
drainage,  and  when  this  is  done  excellent  results  can  be  secured  from 
a  variety  of  crops. 

Rock  outcrop,  Rough  stony  land,  Steep  broken  land.  Rough  broken 
land,  and  Riverwash  are  mainly  nonagricultural  land. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  miscellaneous  soils  of  the  arid  southwest  province. 


fl/^ii  no  mo  I   States  In  which  each  type  has  been 

sou  name.  ^^^^^^ 


Total 
area. 


;  Acres. 

Glendale  clay  loam !  Arizona 62,040 

Oypeam ■  New  Mexico,  Wyoming 11 ,  630 

Meadow I  New  Mexico 7,940 

Pecos  conglomerate do 11,680 

Pecofl  sandy  loam ' do 36, 310 

Roswell  fine  sandy  loam do '  9, 090 

Roswellloam , do 2,730 

Yuma  sand I  Arizona 94, 400 

Rock  outcrop,  etc ■ do 


Total. 


8,140 


233,960 


PACIFIC   COAST. 


The  soils  of  the  Pacific  coast,  including  those  of  the  coastal  and 
interior  mountain  ranges,  foothills,  and  valleys,  have  been  classified 
into  a  number  of  series,  varying  in  field  characteristics,  topog- 
raphy, origin  and  mode  of  formation,  and  agricultural  importance. 
They  range  from  residual  and  coUuvial  soils  of  the  mountain  sides, 
foot  slopes,  and  foothills,  to  deep  and  extensive  river  flood  plains 
and  delta  sediments,  and  ancient  and  modern  shore  and  marine  lacus- 
trine deposits.  While  some  of  these  series  are  confined  to  a  single 
coastal  or  interior  mountain  range  or  valley,  others  are  of  wider 
range  and  extend  over  several  different  physiographic  regions.  The 
value  of  these  soils  and  their  adaptation  to  crops  is  dependent  largely 
upon  the  possibilities  of  irrigation  and  upon  local  conditions  of 
rainfall  and  temperature,  all  of  which  are  to  a  great  extent  depend- 
ent upon  topography.  They  range  in  agricultural  importance  from 
those  divoted  only  to  extensive  grain  farming  to  the  most  valuable 
and  intensively  cultivated  lands  devoted  to  citrus  and  deciduous 
fruits,  vines,  small  fruits,  and  other  special  crops.  The  aggregate 
area  of  the  soils  surveyed  in  this  province  is  4,593,881  acres. 

58055— BuU.  55—09 13 
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Anderson  series. 

The  soils  of  the  Anderson  series  consist  of  reddish-gray  or  light-red 
alluvial  soils  occupying  upper  valley  plains  and  the  bottoms  of  inter- 
mittent streams.  They  are  usually  gravelly,  sometimes  underlain 
at  less  than  6  feet  by  stream  gravels  or  by  compact  clays  and  clay 
loams,  and  often  support  a  considerable  growth  of  brush  and  timber. 
When  not  too  gravelly  they  are  adapted  to  the  production  of  peaches, 
pears,  prunes,  and  small  fruits,  but  are,  so  far  as  mapped  at  present, 
inextensive  types  and  of  secondary  agricultural  importance,  the 
Anderson  gravelly  loam  being  the  prevailing  and  most  important 
soil  of  the  series. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Anderson  series. 


Knii  nontA  States  111  whlch  each  type  has  been 

bouname.  f^^^^^     »~ 


Total 
area. 


Andenon  frrayelly  loam California 

fine  sandy  loam i do. . . . 


Total. 


14,528 
8,620 


18,048 


Fresno  series. 

The  soils  of  the  Fresno  series  are  characterized  by  prevailing  light- 
gray  colors,  but  are  sometimes  light  brown  or  reddish  brown.  They 
are  generally  underlain  by  subsoils  of  fine  ashy  texture,  light  color, 
and  compact,  close  structure,  usually  separated  from  the  overlying 
soil  by  an  alkali  carbonate  hardpan  of  white  or  light-gray  color.  The 
hardpan  softens  slowly  upon  the  application  of  irrigation  water,  but 
is  normally  impenetrable  to  the  roots  of  growing  plants.  The  series 
is  composed  of  old  delta  deposits  formed  by  sliifting  streams  and 
mountain  torrents  and  occurring  as  broad,  low  alluvial  delta  cones. 
The  soils  occupy  gently  sloping  plains  or  slightly  rolling  valley 
slopes,  generally  treeless,  and  are  not  usually  overflowed.  The  soil 
material  of  this  jseries  is  mainly  of  granitic  origin,  although  in  part 
derived  from  volcanic  and  sedimentary  rocks.  The  lighter  members, 
since  they  occupy  higher  positions,  are  generally  well  drained.  The 
lower  lying  areas  frequently  require  drainage,  being  subject  to  seep- 
age from  higher  lying  tracts  and  also  contain  some  alkali.  The  sand 
and  fine  sand,  with  intensive  methods  of  cultivation  and  irrigation, 
are  used  for  the  production  of  peaches,  apricots,  cherries,  prunes, 
figs,  walnuts,  and  raisin  and  wine  grapes.  They  are  also  well  adapted 
to  alfalfa  and  to  vegetables  under  irrigation.  The  sandy  loam  and 
fine  sandy  loam  are  productive  soils  and  excellently  adapted  to  fruits 
and  alfalfa,  though  large  areas  have  been  damaged  by  seepage  and 
the  accumulation  of  alkali, 
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The  acreage  of  the  types  so  far  encountered  is  as  follows : 
Area  and  distrihution  of  the  soils  of  the  Fresno  series. 


Soil  name. 


Fresno  sand  a 

fine  sand  b 
sandy  loam  <* 


States  in  which  each  type  has  been 
found. 


Total 
area. 


,  Acres. 

California I  193,526 

....do 8,128 

....  do 5, 962 

fine  sandy  loam  d ' do 90, 975 

loame ! do ,  5,824 


Total 304,405 


«  The  soil  mapped  as  the  Fresno  sand  in  the  Lower  Arkansas  Valley  area,  Colorado,  is 
the  Colorado  sand ;  that  mapped  as  Fresno  sand  in  the  Indio  area.  California,  is  Indio 
sand;  that  mapped  as  the  Fresno  sand  (gravelly  phase)  in  the  Ventura  area,  California,  is 
Maricopa  sand ;  that  mapped  as  Fresno  sand  in  BalEersfield.  Los  Angeles,  Lower  Salinas 
Valley,  Sacramento,  San  Bernardino,  San  Gabriel,  and  Santa  Ana  areas,  California,  is 
ilanford  sand ;  and  that  mapped  as  the  Fresno  sand  In  Provo  area  and  in  Weber  County, 
Utah,  Is  Jordan  sand. 

*The  soil  mapped  as  the  Fresno  fine  sand  In  Lower  Arkansas  Valley,  Colorado,  is 
Laurel  fine  sand ;  that  mapped  as  Fresno  fine  sand  In  Bakersfleid  and  Los  Angeles  areas, 
California,  is  ilanford  fine  sand ;  and  that  mapped  as  Fresno  fine  sand  in  Sacramento 
area,  California,  is  Hanford  fine  sandy  loam. 

"  The  soil  mapped  as  Fresno  sandy  loam  In  Fresno  and  Hanford  areas,  California,  Is 
the  Fresno  fine  sandy  loam,  and  that  mapped  as  Fresno  sandy  loam  in  the  indio  area, 
California,  is  the  Indio  fine  sand. 

*The  soil  mapped  as  Fresno  fine  sandy  loam  In  the  Lower  Arkansas  Valley  area,  Colo- 
rado, Is  the  Marshall  silt  loam ;  that  mapped  as  Fresno  fine  sandy  loam  In  Weber  County 
and  In  Bear  River  area,  Utah,  is  Weber  fine  sandy  loam  ;  that  mapped  as  Fresno  fine 
sandy  loam  In  Indio  area,  California,  is  Indio  fine  sandy  loam ;  that  mapped  as  Fresno  fine 
sandy  loam  in  the  Ventura  area.  California,  is  the  Oxnard  loam  ;  that  mapped  as  Fresno 
fine  sandy  loam  in  the  Bakersfleid,  Lower  Salinas  Valley.  Los  Angeles,  San  Bernardino, 
San  Gabriel,  and  Santa  Ana  arpa.M,  California.  Is  the  Hanford  fine  sandy  loam  ;  and  that 
mapped  as  Fresno  fine  sandy  loam  In  San  Jose  area,  California,  Is  the  Ilanford  silt  loam. 

*  Mapped  as  Maricopa  loam  In  Bakersfleid  area,  California. 

Hanford  series. 

The  soils  of  the  Hanford  series  consist  of  recent  alluvial  materials 
derived  from  a  great  variety  of  rocks  and  deposited  as  river  and 
delta  plains.  The  lighter  members  sometimes  consist  largely  of 
mining  debris  and  overlie  Pleistocene  sediments  and  hardpan.  They 
are  generally  light  gray  to  buff  in  color,  but  become  dark  drab,  brown, 
or  nearly  black  in  the  case  of  some  of  the  heavier  members  occupying 
low-lying  positions.  All  the  members  of  the  series  are  subject  to 
much  variation  in  depth,  color,  and  character  of  underlying  material. 
The  surface  is  generally  level,  slightly  sloping,  or  sometimes  uneven, 
and  is  frequently  marked  by  sloughs  or  the  interlacing  channels  of 
streams,  many  of  which  carry  water  only  in  times  of  flood  and  dis- 
appear in  sandy  washes.  The  heavier  members  are  frequently 
marked  by  an  adobe  structure,  and  the  soils  are  generally  free  from 
gravel  or  bowlders.  The  lighter  members  and  higher  lying  soil 
bodies  are  usually  well  drained  and  are  not  affected  by  seepage 
caused  by  irrigation,  while  the  natural  drainage  is  sometimes  defi- 
cient in  the  case  of  lower  lying  areas  occupying  present  stream 
flood  or  overflow  delta  plains,  where  protection  by  levees  becomes 
necessary.  T^Tiile  similar  to  the  soils  of  the  Fresno  series  in  mode 
of  formation,  they  generally  occupy  a  lower  topographic  position, 
are  of  more  recent  origin,  are  frequently  subject  to  overflow,  and, 
unlike  the  former,  often  support  a  growth  of  swamp  vegetation, 
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brush  and  willow  thickets,  and  timber  in  the  river  bottoms  and 
lower  valley  plains.  The  heavier  members  are  also  usually  of  darker 
color,  while  the  underlying  Avhite  hardpan  and  subsoils  of  ashy 
texture  common  in  the  Fresno  series  are  wanting  here.  The  soils 
are  usually  productive  and  are  especially  adapted  to  fruits,  vines, 
vegetables,  and  truck  crops  when  well  drained,  free  from  alkali, 
and  irrigated.  The  lighter  soils  of  the  Ilanford  series,  consisting 
of  the  sand,  fine  sand,"  sandy  loam,  and  fine  sandy  loam,  are  produc- 
tive and  easily  cultivated,  and  utilized  in  the  production  of  alfalfa, 
l)eai's,  stone  fruits,  grapes,  English  walnuts,  small  fruits,  asparagus, 
celery,  and  other  truck  crops.  Tlie  sand  is,  however,  while  a  fair 
fruit  and  truck  soil  when  well  irrigated,  of  a  somewhat  leachy  char- 
acter and  deficient  in  organic  matter.  The  soils  of  this  series  are 
also  often  subject  to  overfiow,  and,  with  the  exception  of  the  sand  in 
some  places,  poorly  drained  and  affected  with  alkali.  The  silt  loam 
is  also  devoted  to  the  production  of  potatoes,  beans,  sugar  beets,  and 
hops,  in  addition  to  the  crops  enumerated  above. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Ilanford  series. 

a..«i«^»»»  States  In  which  each  type  has  been        Total 

8<>ilname.  j^^^^^  .    ^^^^ 


i  Acres. 

Hanford  gravel California ,  4, 544 

Band  a do l  224,680 

fine  sand  ft do 118, 338 

Bandy  loam do 19,860 

fine  sandy  loam  c do ,  151, 194 

Riltloam<' do 73,137 

clay  loam  « do i  17, 896 

clay  adobe  / do 12, 672 

Total 622,321 


«  Mapped  as  the  Fresno  sand  in  the  Baker8field,  Ix>b  Angeles,  Lower  Salinas,  Sacramento, 
San  Bernardino,  San  Oabrlel,  and  Santa  Ana  areas,  California. 

^Mapped  as  Fresno  tine  sand  in  the  Bakersfield  and  Los  Angeles  areas,  California. 

''  Mapped  as  the  Fresno  fine  sand  in  the  Sacramento  area,  California,  and  as  the  Fresno 
fine  sanay  loam  in  Bakersfield,  Lower  Salinas,  Los  Angeles,  San  Bernardino.  San  Gabriel, 
and  Santa  Ana  areas,  California. 

*  Mapped  as  the  Fresno  fine  sandy  loam  in  San  Jose  area,  California,  and  as  the  Sacra- 
mento silt  loam  in  the  Sacramento  area,  California. 

'  Mapped  as  the  Oxnard  silt  loam  In  the  Bakersfleld  area,  California. 

f  Mapped  as  the  Salinas  gray  adobe  in  the  Sacramento  area,  California. 

Maricopa  series. 

The  Maricopa  series  consists  of  unassorted  coUuvial  and  only  par- 
tially assorted  alluvial  material  formed  by  soil  creep  and  direct  wash- 
ing from  the  mountain  sides  and  by  the  deposits  of  intermittent, 
shifting,  torrential  streams.  The  soils  of  this  series  are  derived  from 
a  variety  of  rocks,  but  generally  from  those  of  granitic  and  volcanic 
character.  They  occupy  mountain  foot-slopes,  delta  cones  or  fans, 
debris  aprons,  and  sloping  plains  of  filled  valleys,  and  also  occur  in 
stream  valleys  as  the  product  of  a  series  of  minor  secondary  fans  or 
cones  emerging  from  adjacent  more  elevated  slopes  or  mesa  lands. 
They  are  generally  treeless,  and  support  only  a  desert  vegetation,  ex- 
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cept  when  irrigated,  are  frequently  cut  by  arroyos,  and  the  lighter 
members  are  usually  gravelly  and  often  strewn  with  bowlders.  These 
soil  bodies  vary  from  small  areas  of  irregular  outline  to  broad,  ex- 
tensive, uniform  sheets.  The  soils  are  generally  of  dark  color  and 
loose,  porous  structure.  They  are  generally  well  drained  and  free 
from  alkali,  and  where  capable  of  irrigation  are  well  adapted  to 
fruits,  vines,  and  general  farm  crops.  The  gravelly  loam  and  the 
gravelly  sand  are  well  drained  and  free  from  alkali,  but  in  many 
cases  can  not  be  irrigated,  and  are  then  devoted  to  grazing  or  dry- 
farming  to  grains  or  to  the  production  of  grapes.  Extensive  areas 
are,  however,  irrigated  and  used  for  the  production  of  grains,  grapes, 
citrus  fruits,  and  stone  fruits.  In  the  San  Gabriel  area  these  types 
are  used  extensively  for  grains  and  for  the  production  of  citrus 
fruits.  In  the  San  Jose  area  large  quantities  of  early  peaches,  apri- 
cots, prunes,  other  stone  fruits,  and  grapes  are  produced.  The  sand 
is  sometimes  broken,  hilly  or  wind-blown  in  character,  but  when  fa- 
vorably situated  for  irrigation  is  adapted  to  fruits,  vines,  and  general 
farm  crops.  In  the  Ventura  area  it  has  been  found  a  valuable  soil 
for  lima  beans.  The  sandy  loam  and  the  fine  sandy  loam  are  usually 
free  from  alkali  and  Avell  drained.  Under  irrigation  they  are 
good  soils  for  alfalfa,  grains,  citrus  fruits,  deciduous  fruits,  small 
fruits,  and  truck  crops.  In  the  Los  Angeles  area  they  are  devoted 
quite  extensively  to  grapes,  alfalfa,  strawberries,  lemons,  and  winter 
vegetables.  The*  silt  loam  and  the  clay  loam  are  not  well  drained, 
and  accumulations  of  alkali  occur.  The  best-drained  areas  produce 
alfalfa,  wheat,  barley,  sorghum,  and  in  some  localities  sugar  beets. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  soils  of  the  Maricopa  series. 


Soil  name. 

States  in  which  each  type  has  been  found. 

Total  area. 

Maricopa  gravelly  sand 

California 

194,886 

gravelly  loam  o 

Arizona.  California 

96,226 

sand  b 

do 

28,318 

sandy  loam  c 

do 

47,680 

fine  sandy  loam 

do 

112,858 

loam  ft 

Arizona 

33,  .^M 
11.648 

silt  loam 

do 

clay  loam  « 

do 

8,713 

Total 

635,843 

«  The  soli  mapped  as  Maricopa  gravelly  loam  In  the  Provo  area.  Utah,  is  the  Bingham 
gravelly  loam ;  that  mapped  as  Maricopa  gravelly  loam  in  the  Baker  City  area,  Oregon,  is 
the  Brldger  gravelly  loam ;  and  that  mapped  as  Maricopa  gravelly  loam  In  Los  Angeles 
area,  California,  is  the  Maricopa  fine  sandy  loam.  Mapped  as  Maricopa  sandy  loam  in 
San  Bernardino  area,  (California,  and  that  mapped  as  Maricopa  gravelly  loam  in  the  Solo- 
roonsville  area.  Arizona,  is  Maricopa  loam. 

*The  soil  mapped  as  Maricopa  sand  In  the  I^ower  Arkansas  Valley  area,  Colorado,  is 
the  Colorado  sand.     Mapped  as  Fresno  sand  (gravelly  phase)  in  Ventura  area,  California. 

<■  The  soil  mapped  as  Maricopa  sandy  loam  in  Baker  City  area,  Oregon,  is  the  Brldger 
loam  ;  soil  mapped  as  Maricopa  sandy  loam  in  Lower  Arkansas  Valley,  Colorado,  is  Colo- 
rado sandy  loam  ;  and  that  mapped  as  Maricopa  sandy  loam  in  Salt  River  Valley,  Arizona, 
is  Maricopa  fine  sandy  loam. 

*  The  soil  mapped  as  Maricopa  loam  in  Bakersfleld  area.  California,  is  Fresno  loam. 

'  The  soil  mapped  as  Maricopa  clay  loam  in  Lower  Arkansas  Valley  area,  Colorado,  is 
Colorado  clay  loam. 
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Oxnard  series. 

The  soils  of  the  Oxnard  series  consist  of  delta-plain  deposits, 
colluvial  and  alluvial  wash  from  foothills  and  higher  adjacent  soil 
bodies,  and  occasional  small  areas  of  residual  material.  They  are 
derived  mainly  from  sandstones,  shaly  sandstones,  and  shales,  and 
occur  upon  rolling  hills,  sloping,  elevated,  and  dissected  mesa  lands 
and  plains,  and  low#»r  nearly  level  valley  and  delta  plains.  They 
usually  occupy  a  less  elevated  position  than  the  soils  of  the  Mari- 
copa series,  are  derived  from  less  elevated  foothills  and  ranges, 
and  are  lacking  in  the  granitic  material  of  the  former  series.  They 
are  generally  of  dark  color  and  are  most  frequently  underlain  by 
heavier  subsoils,  which,  however,  do  not  have  the  red  color  and 
adobe  structure  of  the  subsoils  of  the  Placentia  series,  occupying  a 
similar  topographic  position.  The  soils  of  the  Oxnard  series  occur 
in  the  vicinity  of  Oxnard,  Cal.,  and  are  recognized  as  particularly 
adapted  to  the  production  of  lima  beans,  which  industry  has  been 
here  highly  developed.  The  gravelly  loam,  sand,  sandy  loam,  loam, 
and  silt  loam  are  utilized  extensively  for  this  purpose.  In  other  parts 
of  southern  California  these  types  are  also  devoted  to  the  production 
of  walnuts,  berries,  truck  crops,  and  citrus  and  deciduous  fruits.  The 
soils  of  this  series  are  usually  productive,  but  sometimes  local  areas 
are  poorly  drained  or  marked  by  the  accumulation  of  alkali  salts. 
The  heavier  and  slightly  alkaline  areas  are  usually  best  adapted  to 
the  production  of  barley  or  of  sugar  beets,  which  are  extensively  pro- 
duced upon  the  heavier  types  of  this  series. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 


Area  and  diairihution  of  the  soils  of  the  Oxnard  series. 


Boil  name. 


Oxnard  gravelly  loam 

sand 

Randy  loam 

line  sandy  loam  . 

loam  « 

Riltloam  b 

clay  loam 

clay  loam  adobe. 


Total. 


States  in  which  each  type  has  been 
found. 


Caliromia 

do 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


ToUl 
area. 


Acres. 
16,270 
56.520 
75,600 
22,848 
19,812 
81,240 
30,574 

134.598 


887.462 


*  The  soIIb  mapped  aa  Oxnard  loam  In  Los  Anf^eles,  San  Jose,  and  Ventura  areas,  Cali- 
fornia, are  Oxnard  clay  loam.  Mapped  as  Fresno  flne  sandy  loam  in  Ventura  area, 
California. 

*The  soil  mapped  as  Oxnard  silt  loam  in  Bakerafleld  area,  California,  is  Hanford  clay 
loam. 

Placentia  series. 

The  soils  of  the  Placentia  series  vary  considerably  in  origin,  mode 
of  formation,  and  topographic  position.  In  general,  however,  they 
consist  of  colluvial  wa.ste  and  of  alluvial  and  colluvial  deposits  of 
intermittent  or  torrential  mountain  streams,  though  in  some  cases 
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they  are  composed  essentially,  of  residual  material.  In  nearly  all 
cases  they  have  been  subject  to  considerable  modification  subsequent 
to  their  formation  by  weathering  and  through  the  addition  of  alluvial 
wash  from  minor  streams.  They  occur  upon  undulating  hills,  moun- 
tain foot  slopes,  mesa  lands,  and  broad,  uniformly  sloping  fan  deltas 
and  higher  valley  plains.  They  are  distinguished  from  the  soils  of 
the  Maricopa  series  of  somewhat  similar  topographic  position  and 
mode  of  formation,  by  the  prevailing  reddish-gray  to  reddish-brown 
color  and  in  being  underlain  by  indurated  sands,  shaly  sandstones, 
disintegrated  granite,  or  more  generally  by  heavy,  compact  red  loams 
or  clay  loams  of  tough,  impervious  adobe  structure.  The  soils  of 
this  series  are  derived  mainly  from  granitic  rocks,  shaly  sandstones, 
and  sandstones  carrying  a  large  amoimt  of  granitic  material.  They 
are  generally  well  drained,  free  from  alkali,  and  frequently  of  some- 
what refractory  nature.  They  are  tilled  with  difficulty,  but  possess 
marked  moisture-retaining  properties  and  include  large  areas  of 
valuable  lands  devoted  to  grains,  general  farm  crops,  citrus  and 
deciduous  fruits,  beans,  and  other  special  crops.  The  sandy  loam, 
fine  sandy  loam,  and  loam  are  productive  soils,  and  when  irrigated 
are  extensively  devoted  to  citrus  fruits,  walnuts,  olives,  prunes, 
peaches,  apricots,  grapes,  cherries,  berries,  and  vegetables.  They 
frequently  occur,  however,  in  extensive  elevated  areas  above  the  reach 
of  irrigation  waters,  and  under  such  circumstances  are  usually  de- 
voted to  the  production  of  grains  by  dry  farming.  The  sandy  adobe, 
loam  adobe,  and  clay  loam  adobe  usually  occupy  sloping  plains  or 
an  elevated  position,  are  retentive  of  moisture,  well  adapted  to  dry 
farming  of  grains,  and,  when  irrigated,  to  alfalfa,  walnuts,  and 
citrus  and  deciduous  fruits. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 


Arra  and  (liatributinn  of  the,  ftmU  of  the  Placcntia  series. 


Soil  name. 


States  in  which  each  type  ha.s  been  found.         T.jtal  area. 


Placentia  sandy  loam  a 

fine  sandy  loam . 

loam  f> 

clay  loam 

sandy  adobe 

loam  adobe 

clay  loam  adobe 

Total 


rallforaia 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


Acreg. 

66,688 

354,883 

32,904 

2.816 

86,454 

16.320 

»,916 


518.431 


"  The  soil  mapped  as  Placentia  sandy  loam  in  the  Ventura  area,  California.  Is  the 
Placentia  loam,  and  that  mapped  as  Placentia  sandy  loam  in  Lower  Salinas  Valley.  Los 
Angeles,  San  Bernardino.  San  Gabriel,  San  Jose,  and  Santa  Ana  areas,  California,  is 
I'lacentia  fine  sandy  loam. 

*The  spil  mapped  as  Placentia  loam  in  the  San  Bernardino  area,  California,  is  the 
Placentia  clay  loam. 

Bedding  series. 

The  soils  of  the  Redding  series  are  derived  from  the  Red  Bluff 

formation,  consisting  of  ancient  alluvial  valley  deposits.    They  are 
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of  a  red  to  deep-red  color,  usually  ^gravelly,  and  sometimes  carry 
large  amounts  of  rounded  cobbles,  and  are  underlain  by  heavy  red 
sul>soils  and  partially  indurated  clay-iron  hardpans,  frequently  with 
gravel.  They  occupy  lower  rolling  foothills  and  sloping  upland 
dissected  plains.  The  gravelly  loam  is  the  prevailing  and  most  im- 
portant soil  in  the  northern  part  of  the  Sacramento  Valley,  so  far  as 
mapped.  Where  there  is  not  an  excess  of  cobbles  or  where  it  is  not 
underlain  at  shallow  depths  by  hardpan  it  is  well  adapted  to  the 
production  of  choice  peaches  and  small  fruits.  It  is  not  suited  to 
prunes  or  other  deep-rooted  trees.  Strawberries  and  bramble  fruits 
yield  abundantly,  and  if  irrigated  the  shallower  soils  not  adapted  to 
tree  fruits  could  be  utilized  for  these  small  fruits.  The  hardpan  is 
nearer  the  surface  in  the  loam  than  in  the  gravelly  loam.  Owing 
to  this  fact  and  its  location  in  unirrigated  portions  of  the  valley,  it 
is  of  secondary  agricultural  importance,  being  used  principally  for 
grazing  or  for  dry-farmed  wheat. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Redding  series. 


Soil  name.  StatcH  in  which  each  type  has  been  found. 


Total  area. 


Acres. 

Reddingloam California !  14,272 

gravelly  Iohri ' do ^ j  57, 216 

Total ' ,  71,488 


Sacramento  series. 

The  Sacramento  series  consists  of  recent  stream  deposits  ranging 
in  color  from  light  gray  in  the  case  of  the  soils  of  coarser  texture  to 
darker  colors  in  the  case  of  the  silty  clay  loams.  The  soils  are  derived 
from  a  great  variety  of  rocks,  and  have  been  transported  long  dis- 
tances, and  deposited  from  shifting  river  currents  or  from  relatively 
stagnant  flood  waters  covering  flood  plains.  They  are  usually  6  feet 
or  more  in  depth  and  often  subject  to  overflow  when  not  protected  by 
levees,  but  when  so  protected  are  usually  productive  and  generally 
adapted  to  the  intensive  production  of  sugar  beets,  truck  crops,  or 
fruits. .  The  Sacramento  series  is  very  important,  covering  a  large 
area  and  varying  widely  in  texture.  The  fine  sandy  loam  is  the  most 
important  prune  soil  in  the  Anderson  Valley,  having  played  a  large 
part  in  the  development  of  this  industry  in  that  section.  It  is  also 
a  good  fruit  soil  generally,  being  adapted  to  peaches,  pears,  and 
grapes.  Many  of  the  orchards  found  upon  it  are  in  a  high  state  of 
cultivation.  It  is  also  suited  to  alfalfa  and  vegetables,  and  when  irri- 
gated sugar  beets  may  be  grown  upon  it.  To  some  extent  it  is  dry- 
farmed  to  grain  and  to  hops  under  intensive  cultivation.  The  silt 
loam  type  of  this  series  is  devoted  chiefly  to  grazing,  but  when  irri- 
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gated  it  is  adapted  to  alfalfa,  sugar  beets,  and  track,  as  well  as  to 
sorghum  and  other  forage  crops.  It  is  also  dry-farmed  to  grain.  In 
some  places  berries  do  exceedingly  well  and  it  also  produces  potatoes 
and  hops  of  excellent  quality.  Citrus  fruits  are  occasionally  found 
on  the  silt  loam.  The  gravelly  sandy  loam  type  is  generally  of  little 
agricultural  value.  The  heavier  phases  are  better  suited  to  crops, 
and  when  well  irrigated  will  give  fair  yields  of  alfalfa  and  support 
good  orchards.  It  is  sometimes  dry-farmed  to  grain.  A  very  pro- 
ductive type  of  this  series  is  the  silty  clay  loam,  upon  which  is  grown 
to  a  considerable  extent  alfalfa  and  other  forage  crops,  hops,  fruits, 
and  truck  crops.  In  some  places  it  yields  excellent  citrus  fruits,  but 
only  to  a  limited  extent.  Under  irrigation  better  results  are  obtained. 
The  silty  clay  is  used  cliiefly  for  grazing,  but  with  a  moderate 
amount  of  water  alfalfa  and  sugar  beets  may  be  grown  upon  it.  It 
is  believed  that  with  deep  and  thorough  plowing  and  frequent  culti- 
vation fair  yields  of  corn,  sorghum,  and  other  forage  crops  may  be 
grown  without  water.  When  artificially  drained  and  protected  from 
overflow  the  clay  loam  type  of  the  Sacramento  series  is  very  produc- 
tive, producing  timothy  and  other  gi'asses,  potatoes,  onions,  beans,  etc. 
The  greater  part  of  the  loam  of  this  series  is  devoted  to  grazing,  but 
when  irrigated  it  is  adapted  to  alfalfa,  sugar  beets,  truck  crops,  and 
fruits.     It  is  sometimes  dry-farmed. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Sacramento  series. 


orvii  r««mA  i  States  in  which  each  type  has  been  I     Total 

bouname.  found.  !     urea. 


Sacramento  gravelly  sandy  loam '  California 

line  sandy  loam ; do 

1  oam do 

silt  loam  a ■ do 

clay  loam I <io 

Bilty  clay  loam ' do 

silty  clttj' do 


Total. 


Acres. 
20,224 
4.224 
14, 144 
17,408 
41,088 
50.368 
26,368 


173,824 


°  The  soil  mapped  as  Sacramento  silt  loam  m  the  Sacramento  area,  California,  is  Ilan- 
ford  silt  loam. 

Salem  series. 

The  Salem  series  occurs  upon  rolling  hills  as  residual  soils,  upon 
sloping  plains  as  alluvial  and  colluvial  soils,  and  upon  level  valley 
plains  and  stream  bottoms  as  recent  alluvial  deposits.  The  soils 
of  this  series  are  derived  from  sandstones,  crystalline  and  schistose 
rocks,  and  a  dense,  highly  ferruginous  basalt.  They  are  from  red 
to  dark  brown  or  black  in  color,  and  are  generally  devoted  to  grains, 
fruits,  truck  crops,  and  hops.  The  fine  sandy  loam  and  the  silt  loam 
are  utilized  in  the  production  of  truck  crops,  small  fruits,  and  hops. 


200  SOILS   OF   THE   UNITED   STATES. 

the  silt  loam  being  also  devoted  to  grains.  They  are  productive  soils 
and  usually  well  drained,  except  when  subject  to  overflow.  The 
clay  occupies  a  more  elevated  position  occurring  upon  rolling  and 
dissected  hills.  It  is  usually  well  drained  and  devoted  to  the  culture 
of  grains,  hops,  apples,  prunes,  and  peaches. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distrihution  of  the  «oi7.v  of  the  Salem  series. 


Soil  name. 


States  in  which  each  type  has  been 
found. 


Salem  gravelly  loam. . . 
tine  Handy  loam. 

silt  loam 

clay 


Oregon 
do. 


Total 
area. 


Total. 


Aerez, 
13,120 
3,648 

do '        78,666 

.do 86,400 


181,824 


San  Joaquin  series. 

The  soils  of  the  San  Joaquin  series  are  of  prevailingly  red  color, 
frequently  gravelly,  both  gravel  and  soil  particles  consisting  largely 
of  well-worn  quartzose  material.  They  are  commonly  underlain  at  a 
depth  of  2  or  3  feet  by  red  or  reddish-brown  indurated  clay  or  sandy 
layers  cemented  by  iron  salts  into  a  firm,  impervious,  impenetrable 
hardpan,  which  may,  however,  more  deeply  underlie  the  soil  or  may 
outcrop  at  the  surface.  The  reddish  color  of  the  soils  and  subsoils 
and  the  occurrence  of  the  underlying  red  hardpan  are  readily  distin- 
guished characteristics  marking  this  series.  The  soils  are  generally 
of  compact  structure,  sticky,  and  quite  readily  puddled  when  wet  and 
frequently  separated  from  the  underlying  hardpan  by  subsoils  of  true 
adobe  structure.  They  consist  of  old  sediments  deposited  in  the 
waters  and  about  the  shores  of  lakes  or  bays  of  early  Pleistocene 
age,  modified  by  more  recent  reworking  or  by  alluvial  wash  from 
adjacent  formations.  They  occupy  valley  plains  extending  from 
lower  rolling  foothills  down  to  level  valley  floors  and  margins  of 
present  stream  flood  plains.  The  areas  are  usually  treeless,  except  in 
the  immediate  vicinity  of  stream  channels.  The  soils  generally  occur 
as  extensive  areas.  The  natural  drainage  is  usually  restricted  by 
topographic  position,  deficient  slope,  and  the  presence  of  underlying 
impermeable  hardpan,  except  in  case  of  the  lighter,  deeper  members 
and  areas  occupying  higher  well-developed  slopes.  The  soils  of  this 
series  are  generally  devoted  to  dry-farming  to  grains,  but  the  lighter, 
deeper,  and  better-drained  members  are  sometifhes  devoted  to  citrus 
and  stone  fruits,  grapes,  small  fruits,  and  truck  crops,  and  give  ex- 
cellent yields  under  proper  irrigation,  drainage,  and  cultivation.  The 
heavier  members  are  frequently  marked  by  an  adobelike  structure. 
Soils,  subsoils,  and  hardpan  are  usually  free  from  alkali.    The  sur- 
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face  is  frequently  marked  by  the  presence  of  small  "  hog  wallow  " 
mounds.  The  soils  of  the  San  Joaquin  series  are  dry-farmed  to  wheat 
or  barley  in  extensive  tracts.  The  deeper  bodies  of  the  sandy  loam 
and  the  fine  sandy  loam  are,  however,  adapted,  under  careful  cultiva- 
tion and  irrigation,  to  the  production  of  the  deciduous  fruits,  straw- 
berries, bramble  berries,  and  grapes,  and  in  the  Sacramento  area, 
California,  have  attained  prominence  from  the  development  of  the 
strawberry  and  Tokay  grape  industries. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  diatrihutionof  the  soils  of  the  San  Joaquin  series. 


Soil  name. 


States  in  which  each  type  has  been       Total 
found.  area. 


Acrei. 

San  Joaquin  gravelly  loam California 13, 376 

sand do 46,696 

sandy  loam do 345, 587 

fine  sandy  loam 1 do 32. 128 

loam do 77, 604 

sandy  adobe do 12, 691 

clay  loam  adobe do   3, 776 


Total. 


530.758 


Sierra  series. 

The  Sierra  series  comprises  residual  soils  derived  through  weather- 
ing from  granitic  rocks,  diabase,  altered  rocks,  such  as  amphibo- 
lites,  slates,  serpentine,  and  volcanic  materials,  with  a  slight  admix- 
ture of  colluvial  and  alluvial  material  from  the  same  sources.  They 
are  prevailingly  of  light-red  to  deep-red  color,  and  generally  of  Some.- 
what  compact  structure.  Thej^  are  underlain  by  the  bed  rocks,  some- 
times separated  from  the  overlying  soil  by  a  thin  stratum  of  adobelike 
material.  The  soils  are  frequently  very  shallow  and  marked  by 
abundant  rock  outcrops,  bowlders,  and  rough,  rocky  areas  unsuitable 
for  agriculture.  The  soils  of  this  series  occupy  rolling  and  frequently 
mountainous  districts  and  foothills,  usually  support  a  more  or  less 
heavy  growth  of  brush  and  forest  trees,  and  are  generally  well 
drained.  This  series  covers  large  areas  of  valuable  fruit  and  grazing 
lands  along  the  western  slope  and  base  of  the  Sierra  Nevada  Moun- 
tains in  California.  The  sandy  loam  is  the  leading  type  of  this  se- 
ries, and  is  devoted  extensively  to  the  production  of  peaches,  early 
cherries,  citrus  fruits,  plums,  small  fruits,  and  gi'apes.  The  clay  loam 
is  also  well  adapted  to  peaches,  cherries,  and  other  deciduous  and 
small  fruits,  but  the  soil  in  local  depressions  occurring  along  ravines 
is  frequently  cold  and  wet,  and  the  type  is  more  extensively  devoted 
to  grazing  and  the  production  of  hay  and  grains.  The  sandy  adobe 
and  the  loam  adobe  are  devoted  to  dry  farming  of  grains,  possess 
well-developed  moisture-retaining  properties,  and  when   favorably 
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situated  are  well  adapted  to  the  production  of  grapes  with  and  with- 
out irrigation. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Sierra  series. 


<iu\  iiiiin<>  States  in  which  each  type  ha«  l)eeii  [     Total 

found.  area. 


I  Acres. 

Sierra  8tony  loam '  California 30,060 

sandy  loam '. ' do 64, 448 

flay  loam do 128, 188 

mndy  adobe do I  18,376 


loam  adobe 
Total. 


.do I       10,944 


247,081 


Sites  series. 

The  Sites  series  consists  of  residual  and  coUuvial  soils  of  reddish- 
gray  to  dark-brown  color,  derived  from  sandstones,  shales,  conglom- 
erates, and  volcanic  or  altered  material,  occupying  lower  rolling  foot- 
hills and  their  valley  slopes.  They  are  usually  underlain  at  shallow 
depths  by  sandstones  or  shaly  sandstones,  conglomerates  or  heavy 
subsoils.  The  loam  and  the  clay  loam  adobe  are  the  important  soils 
of  this  series.  They  are  productive,  but  owing  to  their  position  are 
generally  unirrigable  and  adapted  only  to  dry-farming  to  grain. 

The  acreage  of  the  types  so  far  encountered  is  as  follows: 

Area  and  distribution  of  the  soils  of  the  Sites  series. 


a.  i}  r.,^  !  states  in  which  each  type  has  been 

Soil  niimt'.  fQ^jj^j 


ToUl 
'     area. 


j  Arrrs. 

Sites  8andy  loam I  California 960 

loam do 8.200 

clay  loam  adobe i do 34, 176 

Total 1 38,886 


Stockton  series. 

The  lighter  members  of  this  series  are  a  buff  to  reddish  or  chocolate- 
brown  color.  The  heavier  members  generally  exhibit  pronounced 
adobe  structure,  are  usually  free  from  gravel,  and  are  dark-brown  to 
black  in  color.  The  soils  are  underlain  by  heavy  loams  or  clay  loams 
of  lighter  color  and  are  frequently  separated  from  the  overlying  soil 
by  a  thin  crust  or  zone  of  white  calcareous  clay  hardpan  free  from 
alkali.  They  consist  in  part  of  alluvium  and  in  part  of  wash  from 
more  elevated  adjacent  soils  and  are  generally  of  older  origin  than  the 
Hanford  series.  The  heavier  members  have  probably  been  greatly 
modified  by  weathering  and  by  the  incorporation  and  decomposition 
of  organic  matter  resulting  from  swamp  or  marsh  conditions.     This 
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series  occupies  extensive  areas  of  tlie  lower,  nearly  level  valley  plains 
traversed  bv  minor  foothill  streams.  The  soils  are  treeless  or  are 
marked  by  occasional  groves  of  valley  oaks.  The  drainage  is  usually 
restricted.  The  heavier  members  are  generally  tilled  with  difficulty, 
owing  to  their  heavy  texture  and  structure,  and  are  generally  devoted 
to  grains  and  hav.  The  soils  of  this  series  are  utilized  chieflv  for 
the  production  of  grains  and  hay  crops,  although  apricots,  cherries, 
and  deciduous  fruits,  vines,  and  vegetables  are  grown  to  some  extent 
upon  the  fine  sandy  loam  and  the  silt  loam,  the  latter  being  well 
adapted  to  the  production  of  tree  fruits  and  small  fruits. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  hoUh  of  thv  Htockton  scrivft. 


Boll  name. 


States  in  which  each  type  has  been 
found. 


I 


Stockton  flnc  sandy  loam California 

loam do 


silt  loam 

loam  adobe 

clay  loam  adobe . 
clay  iulobe 


I 


Total 
area. 


Acres. 
12,882 
26, 176 


.do   1        16,612 


Total. 


.do I         2,560 

.do I        64,446 

do '        40,832 


163,358 


Willows  series. 

The  soils  of  the  Willows  series  are  derived  mainly  from  shale  and 
sandstone  rocks,  and  are  deposited  along  the  courses  and  flood 
plains  of  minor  intermittent  foothill  streams  traversing  valley 
slopes  and  plains.  They  are  prevailingly  of  light  yellowish-brown 
or  reddish-brown  to  dark  chocolate-brown  color.  When  well  drained 
and  free  from  alkali  they  are  well  adapted  to  the  production  of 
alfalfa,  grains,  and,  with  the  exception  of  those  of  extremely  heavy 
texture,  to  sugar  beets.  The  clay  loam  of  the  Willows  series  is 
generally  free  from  alkali,  and  is  usually  dry-farmed  or  used  for 
pasture.  In  favorable  locations  it  is  used  for  alfalfa  and  grapes, 
and  under  irrigation  it  produces  fair  crops  of  sugar  beets  and  good 
crops  of  alfalfa.  The  day  adobe  is  retentive  of  moisture,  and  when 
well  drained  and  in  proper  condition  it  has  a  friable  structure  and 
is  easy  to  cultivate.  It  is  chiefly  dry-farmed,  and  sometimes  it  will 
produce  a  good  crop  of  alfalfa  without  irrigation,  though  with  irri- 
gation much  better  results  are  secured.  Under  irrigation,  sugar  beets 
and  general  farm  crops  do  well  on  this  type.  The  loam  of  the  Wil- 
lows series  is  generally  dry-farmed,  but  where  irrigation  is  practiced 
it  is  well  adapted  to  alfalfa  and  vine,  tree,  and  cane  fruits.  In  favor- 
able seasons  very  fair  crops  of  wheat  and  barley  are  produced  by 
dry-farming  on  the  silty  clay  type,  and  under  irrigation  alfalfa  and 
sugar  beets  do  well.     The  clay  type  of  this  series  generally  contains 
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alkali,  and  is  cultivated  with  difficulty,  owing  to  poor  drainage.     It 
is  therefore  best  adapted  to  grazing.    With  proper  drainage  it  may 
be  reclaimed,  and  would  then  be  suited  to  various  crops. 
The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  diHtribution  of  the  ^oi7«  of  the  Willows  series. 


Soil  name  '   ^^^^  ***  which  each  type  has  been   |     Total 


found. 


Willows  loam. 


area. 


California 6,56« 

Billy  clay  loam do 24, 896 

clay  loam do 60, 480 

clay  adobe ' do 95,488 

clay ..do 40,640 

Tottil ' 227,072 


Miscellaneous  soils  of  the  Pacific  coast 

Meadow  comprises  low-lying,  flat,  and  poorly  drained  land  of 
variable  texture.  Frequently  of  some  value  for  grass  and  pasturage. 
Much  more  of  it  can  be  reclaimed  by  simple  methods  of  drainage,  and 
when  this  is  done  excellent  results  can  be  secured  from  a  variety  of 
crops. 

The  Muck  and  Peat  are  composed  largely  of  organic  matter  in 
various  conditions  of  decay,  the  Muck  representing  an  advanced 
stage  of  change  in  Peat  areas.  Of  relatively  limited  extent  and 
poorly  drained,  these  soils  are  highly  valued  for  their  adaptation  to 
special  crops,  such  as  celery,  onions,  peppermint,  and  cabbage. 

The  Norman  clay  adobe  with  irrigation,  drainage,  and  thorough 
cultivation  should  be  capable  of  producing  alfalfa,  grains,  and  the 
general  farm  crops.  At  present  it  is  used  for  grazing  and  for  dry- 
farming. 

The  Orland  fine  sandy  loam,  occurring  in  the  Sacramento  Valley, 
California,  is  mainly  utilized  at  present  in  the  production  of  dry- 
farmed  gi'ains,  but  should,  when  placed  under  irrigation,  become  of 
much  higher  value  than  at  present  if  devoted  to  the  production  of 
alfalfa,  fruits,  vegetables,  and  sugar  beets. 

The  Orland  fine  sand  occurs  along  streams  and  is  subject  to  over- 
flow. When  protected  by  dikes  it  is  well  adapted  to  alfalfa,  veg- 
etables, and  fruits. 

The  Puget  clay  and  Puget  fine  sandy  loam  have  deficient  drainage, 
but  when  drained  and  protected  from  overflow  truck  crops  and 
potatoes  are  successfully  grown. 

The  Puget  silt  loam  is  utilized  in  the  production  of  potatoes,  ber- 
ries, hops,  and  oats,  and  gives  promise  of  becoming  a  highly  prized 
soil  in  the  small-fruit  and  vegetable  producing  industries. 


PACIFIC   COAST.  205 

The  Salinas  gray  adobe  covers  extensive  areas  in  the  coastal  valleys 
of  California  and  is  utilized  mainly  in  the  production  of  sugar  beets 
or  dry-farmed  to  grains. 

Sandhill,  Dunesand,  and  Coastal  beach  are  deep  sands  of  little 
agricultural  value. 

The  Santiago  fine  sandy  loam  covers  a  considerable  area  in  the 
Santa  Ana  ar^a,  California,  and  is  devoted  principally  to  dry-farming 
of  wheat  and  barley. 

Tidal  swamp  and  marsh  are  areas  covered  with  water  the  greater 
part  of  the  year  and  unfit  for  agriculture. 

The  other  miscellaneous  soils  are  of  limited  acreage  and  minor 
agricultural  importance. 

The  acreage  of  the  types  so  far  encountered  is  as  follows : 

Area  and  distribution  of  the  misccllaneoufi  soils  of  the  PaciflG  coast. 


Qrtii  Tiamo  '  States  in  which  each  type  has  been 

soil  name.  ^  ^^^^^^^     ^ 


Total 
area. 


Acres. 

Bellavista  sand y  loam California 8, 328 

Meadow do 6, 478 

Muck  and  Peat do 110, 163 

Norman  clay  adobe do 6, 208 

Orland  fine  sand do 1 ,  856 

Orland  fine  sandy  loam ' do 7, 168 

Pnget  clay Washington 33, 9^4 

Puget  fine  sandy  loam ' do 18, 816 

Puget  Bilt  loam ' do '  22, 080 

Rock  outcrop  and  Riverwa8h I  California 115, 393 

Salinas  gray  adobea do 64, 544 

Sandhill,  Dunesand,  and  Coastal  boach California,  Washington 132, 462 

Santiago  fine  sandy  loam California 17, 100 

Santiago  loam do '  1 ,  830 

Sheridan  sandy  loam ' .  ^. .  .do 1, 792 

Tidal  swamp  and  marsh 


California,  Washington I        31, 168 

Total ' I      573,680 


*  The  Boil  mapped  as  Salinas  gray  adobe  in  the  S«acramento  aroa,  California,  is  Hanford 
clay  adobe. 
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AREA   OF   SOILS   SURVEYED   IN   THE   SEVERAL   STATES. 

The  following  table  gives  the  distribution  of  the  soils  surveyed  up 
to  January  1,  1908,  in  the  several  States: 

Area  of  soils  surveyed  in  the  several  States^  arranged  in  provinces  and  series. 

ALABAMA. 


Province  and  soil  name. 


Atlantic  and  Quit  Coastal  Plains: 

Glenn  sandy  loam 

loam 

Greenville  Ado  sandy  loam. . . 
Guln  stony  sandy  loam 

Sravelly  sandy  loan 
ne  sandy  loam 


llouston  clay 

black  clay 


Lufkinclay 

Mobile  clay 

Myatt  flno  sand 

fine  sandy  loam . 


Norfolk  gravelly  loam . . 

coarse  sand 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam . 

loam 

silt  loam 

clay 


Orangeburg  sand 

fine  sand 

sandy  loam 

fine  sandy  loam, 
clay 


Susquehanna  gravelly  loam . . . 
nne  sandy  loam, 
clay 


Warsaw  sandy  loam. 


River  flood  plains: 
Chattooga  loam . 
Congaroe  loam . . 
clay... 


Huntington  silt  loam. 
Meadow 


Ocklocknee  sand 

fine  sandy  loam . 
clay 


Swamp 

Wabash  silt  loam . 
clay 


Wavorly  loam, 
clay.. 


Piedmont  Plateau: 

Cecil  stony  loam . . 

stony  clay. .. 

sandy  loam. . 

clav 


Rough  stony  jjind. 


Area  of 

types  in 

series. 


Acres. 


28,032 
60,056 

181,824 


450,216 
26,648 


21,376 
41,536 


88,832 

100,160 

212,608 

61,184 

81,600 

305,664 

61,824 

17,216 

95,168 


66,624 

47,616 

136,448 

585,536 

175,808 

7,424 
147,072 
184,000 


33,856 
16,512 


960 
28,544 

29,824 


49,792 
50,624 


100,288 
11,840 


60,056 

17,&56 

155,584 

9,536 


Total  for 

series  and 

types. 


Total  for 

province 

and  State. 


Acres. 
73,600 
35,584 
9,152 


278,912 


476,864 

102,016 

896 


62,912 


I 


1,024,256 


1,012,032 


338,496 
33,408 


5,606 


50,368 

39,424 

294,656 


59,328 

8,192 


100,416 
112,128 


252,032 

4,928 


Acres. 


3,448,128 


670,208 


256,960 


DISTBIBUTION   BY  STATES — ARIZONA. 
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Area  of  soils  surveyed  in  the  several  States^  arranged  in  provinces  and  series — Continued. 

ALABAMA— Ck>ntliiued. 


Province  and  soil  name. 


Appalachian  Mountains  and  Plateau: 

Chandler  stony  loam , 

Dekalb  stony  loam 

sandy  loam 

fine  sandy  loam 

silt  loam 

clay 


Ltckdale  stony  loam. . . 
Montevallo  stony  loam. 

Rough  stony  land 

Tallad^a  stony  loam. . 
slate  loam... 

Upshur  sandy  loam 

loam 


Limestone  valleys  and  uplands: 

Clarksvllle  stony  'oam 

gravelly  sandy  loam . 

fine  sandy  loam 

loam 

silt  loam 


Cumberland  fine  sandy  loam . 
Decatur  stony  loam 

loam 

clay  loam 


Guthrie  silt  loam 

clay 

Hagerstown  stony  loam . 

stony  day.. 

sandy  loam. 

loam 

clay 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 


37,120 
351,168 
95,744 
17,280 
77,952 


8,896 
14,720 


432,128 
5,376 
1,856 
6,272 

163,840 


85,696 
25,664 
56,064 


41,984 

6,848 

8,064 

221,568 

12,992 


Total  for 

series  and 

tyi>es. 


Acres. 
1,664 


579,264 
4,416 
4,082 

15,552 
95,552 


23,616 


609,472 
4,864 


167,424 

320 

15,424 


291,456 


Total  for 
province 
and  State. 


Acres. 


773,440 


1,088,960 


6,237,606 


ARIZONA. 


Arid  Southwest: 

Gila  fine  sand 

fine  sandy  loam . 

loam 

silt  loam 

clay  loam 

clay , 


Glendale  clay  loam 

Rough  stony  land  and  Rlverwash , 
Yuma  sand 


Pacific  coast: 

Maricopa  gravelly  loam . . 

sand 

sandy  loam 

fine  sandy  loam . 

loam 

silt  loam 

clay  loam 


Total  for  State. 


27,144 
43,794 
35,136 
9,406 
23,424 
13,655 


51,066 
20,480 
10,368 
106,906 
33,514 
11,648 
8,713 


152,561 

52,040 

8,140 

94,400 


242,695 


307,141 


242,695 


549,836 


58055— Bull.  55—09 14 
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Area  of  soils  surveyed  in  tlie  several  States,  arraugai  in  provinces  and  series — Continued. 

ARKANSAS. 


Province  and  soil  name. 


Atlantic  und  Gulf  Coastal  Plains: 

Acjidla  silt  loam 

Crowley  sUt  loam 

Morse  cljiy 

Orangcbui^  fine  sandy  loam. 


River  flood  plains: 

RlsccM*  silt  loam 

Calhoun  clay 

Collms  silt  loam 

Miller  fl.ne  sand 

flne  sandy  lo.iin 
clay 


Meadow 

Swamp 

Wabash  fine  sand 

fine  sandy  loam 

loam 

silt  loam 

clay  loam 

clay 


Waverly  silt  loam, 
clay 


Appalachian  Mountains  and  Plateau: 

Conway  silt  loam 

Fayetteville  stony  loam 

tine  sandy  loam 

loam 


Rough  stony  land 

Upshur  stony  loam 

fine  sandy  loam, 
loam 


Limestone  valleys  and  uplands: 

Clarksville  stony  loam 

silt  loam 


Guthrie  clay. 


Residual  s<flls  of  the  western  prairie: 
Gasconade  silt  loam 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 


Total  for 

series  and 

tj'pes. 


34,688 
28,544 

iio,e»t) 


4,480 
10,112 

6,4G4 
48,192 
11,584 
23,040 


44,072 
9S,(iS8 


118,400 
17,216 
44, 352 


23.232 

17,472 
12.160 


145.472  , 
90,880 


Total  for 
province 
and  State. 


Acres. 
136,512 
232, »»  I 
5,760  I 
224,  (>40 


12,992 
12,672 

8,576 


173,888 
1,536 
2,240 


103,872 


143,360 


38.912 


179.968 
KM,  000 


.52.864 


236,352 

27,904 


Acres. 


599,872 


450,136 


375,744 


264,256 
14,720 


1,713,728 


CALIFORNIA. 


Arid  Southwest: 
Gilafmc  sand. 

loam 

silt  loam., 
clay  loam, 
clay 


Imperial  sand 

sandv  loam 
clay  loam . . 
clay 


Indlo  gravelly  loam... 

sand 

fme  sand 

fine  sandy  loam . 


Pacific  coast: 

Anderson  gravelly  loam . . . 
fine  sandy  loam . 


Acres.      I 
1,088 
44,096  , 
3.264 

960  I 
4,096  ■ 

1,792 
126,656 
341.056  I 
46,912 


43,328 
50,112 
36.032 
42,432  I 


14.. 528 
3.,V20 


Acres. 


53,504 


616,416 


171,904  I 


18,048 


Acres, 


r41,a24 


DISTBIBUTION    BY  STATES CALIFORNIA. 
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Area  of  soils  surveyed  %n  the  several  States^  arrange4  in  provinces  and  series — Continued. 

C  A  LI  FO  RNI  A— Continued. 


Province  and  soil  name. 


Padflc  coast— Continued. 
Bella v^ista  sandy  loam . . 

Dunesand , 

Fresno  sand 

fine  sand 

sandy  loam 

fine  sandy  loam. 

loam 


Hanford  gravel 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam . 

silt  loam 

clay  loam 

clay  adobe 


Maricopa  gravelly  sand . . . 
gravelly  loam. . . 

sand 

sandy  loam 

fine  sandy  loam. 


Meadow 

Norman  clay  adobe 

Orland  fine  sand 

Orland  fine  sandy  loam. 
Oxnard  gravelly  loam. . . 

sand 

sandy  loam 

fine  sandy  loam . 

loam 

silt  loam 

clay  loam 

clay  loam  adobe. 


Peat 

Placentia  sandy  adobe 

sandy  loam 

fine  sandy  loam . 

loam 

loam  adobe , 

clay  loam 

clay  loam  adobe. 


Redding  gravelly  loam , 
loam 


Rough  stony  land  and  Riverwash. 
Sacramento  gravelly  sandy  loam. . 

fine  sandy  loam 

loam 

silt  loam 

silty  clay  loam 

clay  loam 

silty  clay 


Salinas  gray  adobe 

San  Joaquin  gravelly  loam . . . 

sand 

sandy  adobe 

sandy  loam 

fine  sandy  loam . 

loam 

clay  loam  adobe. 


Santiago  fine  sandy  loam. 

Santiago  loam 

Sheridan  sandy  loam 

Sierra  stony  loam 

sandy  adobe 

sandy  loam 

loam  adobe 

clay  loam 


103,526 
8,128 
5,952 

90,975 
5,824 


4,544 

224,680 

118,338 

19,860 

151,194 

73, 137 

17,896 

12,672 


194,886 

47, 160 

7,838 

37,312 

5,952 


16,270 
56,520 
75,600 
22,848 
19,812 
31,240 
30,574 
134,598 


36,454 

66,688 

354,333 

32,904 

16,320 

2,816 

8,916 


57,216 
14,272 


20,224 
4,224 
14,144 
17,408 
50,368 
41,088 
26,368. 


13,376 
45,696 
12,691 
»46,587 
32,128 
77,504 
3.776 


30,060 
13,376 
64,448 
10,944 
128,183 


Total  lor 

series  and 

types. 


Acres. 
3,328 

129,828 


304,405 


622,321 


293,148 
5,478 
6,206 
1,856 
7,168 


387,462 
110,163 


518,431 


71,488 
115,393 


173,824 
64,544 


530,758 

17,100 

1,830 

1,792 


Total  for 

province 

and  State. 


Acret. 


247,031 
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Area  o/toiU  surveyed  in  the  several  St^es,  arranged  in  provinces  and  series — Continued. 

C  A  LI  FO  RNIA -Continued . 


Pro>iace  and  soil  name. 


Pacific  coast — Contlnue<l . 

Sites  sandy  loam 

loam 

clay  loam  adobe 

Stockton  fine  sandy  loam. 

loam .' 

loam  adobe 

silt  loam 

clay  loam  adoi)e. 
clay  adobe 


Tidal  swamp  and  marsh. 
Willows  loam 

silty  clay  loam.. 

clay  loam 

clay 

clay  adobe 


Area  of 

types  in 

seriea. 


Acres. 
960 
3,200 
34,176 


12,832 
26,176 
2,560 
16,512 
64,446 
40,832 


5,568 
24.896 
60,480 
40.640 
95.488 


Total  for  .  Total  for 
series  and  |   province 
types.       and  State. 


Acres. 


38,336 


163,358 
30,848 


227,072 


Acres. 


4,091,218 


Total  for  State 4, 833, 042 


COLOR  A  DO. 


Qladal  and  loessial: 

Manhall  silt  loam 

Rocky  Mountain  valleys  and  I>lain.^: 

Billings  fme  sandy  loam 

loam 

silt  loam 

clay  loam 

clay 


Colorado  gravelly  loam . . . 

sand 

sandy  loam 

fine  sandy  loam , 

loam 

loam  adobe 

clay  loam 


Dunesand , 

Fort  Collins  loam. 

Fruita  fine  sandy 

loam *. . 


loam . 


Laurel  fine  sand . . . 
sandy  loam. 

loam 

clay  loam . . 


Mosa  fine  sandy  loam. 

clay  loam 

clay 


Riverwash 

San  Luis  stind 

sandy  loiiiii. 

loam* 


Swamp. 


Acres. 


26,944  ' 

41,984 
9,664  , 

16,128  I 
5,760  ' 


33,408 

128,576 

156,096 

196,480 

78,784 

42,880 

832 


3,968 
512 


S,960 
72,640 
37,760 
23,104 


34,432 

2,240 

22,464 


136,960 

196,992 

9,088 


Acret. 


100,480 


637,056 

3,328 

14,144 


4,480 


142,464 


59,136 
12,800 


343,040 
640 


Acres. 
236,288 


1,317,568 


Total  for  State 1,553,856 


CONNECTICl'T. 


River  flood  plains: 

Meadow 

Swamp 


Acres. 

Acres, 
33,814 
24,912 

Acres. 

58,726 

DISTRIBUTION    BY  STATES — DELAWARE;   FLORIDA. 
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Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  «enes —Continued. 

CONNECTICU  T— Continued. 


Province  and  soil  name. 


Piedmont  Plateau: 

Penn  stony  ioam 

Glacial  and  locasial: 

llol  yoke  stony  loam 

Olaclal  lake  and  river  terreLces: 

ELmwood  loam 

Enfield  sandy  loam 

Manchester  sandy  loam 

Merrimac  gravelly  sandy  loam< 

coarse  sand 

coarse  sandy  loam . . 
sandy  loam 


Podunk  fine  sandy  loam. 
Sumcldclay 


Total  for  State. 


Area  of 

ty-pesin 

series. 


Acres. 


Total  for 
series  and 


Total  for 
province 


4.096 
19,196 
18.816 
54,900 


t}rpes.      I  and  State. 


■|- 


Acres. 


12.280 
32.534 
19,520 


97,008 

2.016 

11,154 


Acres. 
85,080 

5,056 


174,512 
323,374 


DELAWARE. 


Atlantic  and  Gulf  Coastal  Plains: 

Coastal  beach 

Elkton  silt  loam 

Norfolk  sand 

loam 

silt  loam 


Portsmouth  sand 

sandy  loam. 

Tidal  swamp  and  marsh. 


River  food  plains: 

Meadow , 

Swamp 


Total  for  State. 


Acres. 


5.632  ; 
66.752 
32.960 


640 
50.;«)4 


Acres.     ■ 
64  I 
6,016 


105,344 


50,944 
30,784 


4,096 
3,712 


Acres. 


193,152 


7,808 


200,960 


FLOKIDA. 


Atlantic  and  Gulf  Coastal  Plains: 

Gadsden  sand 

sandy  loam 


Gainesville  sand. 

Leon  sand 

Leon  fine  sand.. 
Muck 


Myatt  fine  sandy  loam 

Norfolk  sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

very  fine  sandy  loam. 

ioam 


Orangeburg  sand 

sandy  loam 

fine  sandy  loam, 
loam 


Portsmouth  sand 

fine  sand 

sandy  loam 

fine  sandy  loam. 


Sandhill  and  Coastal  beach , 
Swamp  and  Marsh 


Acres. 
49.850 
6,592 


636,736 

48,448 

175,424 

214,912 

768 

17.536 


51,968 

17.024 

140,736 

1.280 


40,064  I 
93,824 
40,384 
6,016 


Acres. 


56,448 

7,744 

61,376 

17.728 

128 

5,696 


1.093,824 


211,008 


180,288 
52,928 
60,352 


Acres. 


1,747,620 
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Area  of  soils^ surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

FLORIDA— Continued. 


GEOUGIA. 


Atlantic  and  (>ulf  ("oastal  Plains: 

Gadsden  sand 

Norfolk  coarse  sand 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

clav 


Orangeburg  sand 

fine  sandy  loam, 
clay 


Portsmouth  sand 

fine  sand 

fine  sandy  loam. 


Sandhill. 
Swamp. 


River  flood  plains: 

Meadow 

Ocklocknee  clay , 


Piedmont  Plateau: 

Cecil  sand 

sandy  loam, 
day.* 


Appalachian  Mountains  and  Plateau: 
Porters  stony  loam 


Total  for  State. 


Acres. 


12. 416 
266,688 

77,776 

160.576 

128,064 

640 


22,592 
61.376 
31.168 


3,456 

205.568 

43.840 


448 
105. 134 
332.620 


Acres. 

7,488 


606,160 


115,136 


252,864 

5,888 

26,944 


105.506 
832 


438,202 


Province  and  soil  name. 

Area  of 

types  in 

series. 

Acres. 

Total  for 

series  and 

types. 

Total  for 

province 

and  State. 

River  flood  plains: 

Meadow 

Acres. 
137. 152 
3.712 
2.816 

Acres. 

Ocklocknee  clav 

Swamp 

143.680 

Total  for  State 

1.891,200 

1 

Acres, 


1,004,480 
106,338 

438,202 

2,QQ0 

1.551,040 


IDAHO. 


Northwestern  intemiountain  region: 

Boise  loam 

Acres. 

Acres. 
61,960 
95,850 
45.380 

293,864 
1.600 
1.792 

319.446 

Acres. 

Boise  silt  loam 

Deer  Flat  fine  sandy  loam 

Gallatin  fine  sandy  loam 

35.212 

241.216 

17,436 

loam 

silt  loam 

Meadow 

Ri  verwash 

Yakima  sand 

48,448 
17.430 
29.760 
31.872 
18.944 
172.992 

fine  sand 

sandv  loam 

fine  sandv  loam 

loam 

silt  loam 

819,892 

Total  for  State 

819,892 

mSTUIBUTlOX    BY  STATES ILLINOIS;    INDIANA. 
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Area  of  soils  surveyed  \n  the  several  States,  arranged  in  provinces  and  series — Continued. 

ILLINOIS. 


Province  and  soil  name. 


Area  of 

typoa  In 

series. 


Total  for 

series  and 

types. 


River  flood  j.lains: 

Lintoniu  loam 

Meadow 

Wabash  loam 

silt  loam. 

clay 


Acres, 


29.056 

125,276 

54.656 


Waverly  fine  sandy  loam. 

silt  loam*. 

clav  loam 


1.344 

137,600 

128 


Yazoo  .sandy  loam. 
Yazoo  loam 


Glacial  and  loi-s.^ial: 

Marion  silt  loum ' 

Marshall  sand v  loam 84. 160 

loam 17. 984 

silt  loam 1, 450. 560 

l)lack  clav  loam ,        224. 384  ■ 


Memphis  silt  loam. 
Miami  gravel 

line  sand. .. 

silt  loam... 


Hough  stony  land. 


Glacial  lake  and  river  terraces: 

Muck  and  I'eat 

Sioux  sandy  loam 

loam 

silt  loam 


Total  for  State. 


6,272 

36.544 

616.064 


38.528 
32, 512 
25.600 


Acres. 
5.696 

47,872 


208,988 


139,072 

15.104 

7,040 


519. 488 


1,777.088 
305,856 


658,880 
23. 3<H) 


Total  for 
province 
and  State. 


3,840  I 


96.640 


Acres. 


423,772 


3,284,672 


100,480 


3,808.924 


INDIANA. 


Atlantic  and  Gulf  Coastal  Plains: 
Norfolk  fine  sandv  loam 


River  fl^od  plains: 

Grimn  clay 

Huntington  fine  sandy  loam. 

loam 

silt  loam 


Lintonla  loam 

Meadow 

Rlverwash 

Wabash  sandy  loam 

flne  sandy  loam. 

silt  loam'. 


Waverly  fine  sandy  loam . 

loam 

silt  loam 

clay  loam 

clay 


Yazoo  sandy  loam . 


Appalachian  Moimtains  and  Plutoau: 

Dekalb  silt  loam 

Glacial  and  lo(>.sHial: 

Bloom  field  sandy  loam 

Madison  loam 

.    Marshall  sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

loam 

silt  loam 

black  clay  loam 


Acres. 


13.696 
31.040 
16.512 


Acres. 
22,848 


2,624 
15,296  , 
26.624 

9,920 

8.320 

62,502 

44.800 

39.040 


20.672 
9.792 

77. 184 

54.144 
275.392 
142.854 

41.408 


1.600 


61,248 
9,408 

17,600 
1,024 


44,544 


164.672 
2,752 


10,944 
2,240 


621,446 


cres. 
22,848 


302,848 
22,080 
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Area  of  soils  surveyed  in  the  several  S tales y  arranged  in  provinces  and  series — Continued. 

INDIANA— Continued. 


Provliice  and  soil  name. 


Olacial  and  loessial— Continued. 
Miami  gravelly  sandy  loam. 

gravelly  loam , 

sand 

sandy  loam , 

fine  sand 

fine  sandy  loam 

loam 

silt  loam 

clay  loam 


Rough  stony  land . . . 
Scotlsburg  silt  loam. 
Volusia  silt  loam 


Olacial  lake  and  river  terraces : 

Clyde  fine  sand 

sandy  loam 

loam 

clay 


Marco  ftne  sandy  loam. 

Marco  clay  loam 

Muck  and  Peat 

Newton  fine  sand 

Sioux  sandy  loam 

loam 

silt  loam 


Swamp. 


Total  for  State 


Area  of 

types  in 

series. 


Acre*. 

2,240 

576 

36,032 

512 

35,520 

4,608 

26,688 

504,832 

424.704 


Total  for 

series  and 

types. 


Acres. 


1,036,712 
18,432 
37,184 
46,912 


01,056 

11,712 

960 

6,144 


9,344 
896 
570 


79,872 
3.302 
3,200 

40,832 
5,888 


10,810 
3,648 


Total  for 

province 

and  State. 


Acres. 


1,772,870 


147,6^ 


2,268,288 


IOWA. 


River  flood  plains: 

Meadow 

Wabash  silt  loam. 


Olacial  and  loessial: 

Marshall  sand 

fine  sand 

loam 

slit  loam 

clay  loam 

black  clay  loam . 

Miami  fine  sand 

sandy  loam 

silt  loam 

clay  loam 


Rough  stony  land. 


Olacial  lake  and  river  terraces: 

Muck 

Sioux  sandy  loam 


Total  for  State 


Acres. 


Acres. 
22,302 
91,520 


1,024 

3,072 

547,648 

306,288 

75,840 

25.984 

3,968 

15.040 

244.736 

13,376 


961,856 


277,120 
55,744 


12,096 
32,768 


Acres. 
114,112 


1,294,720 


44,864 


1,453,696 


KANSAS. 


Atlantic  and  Oulf  Coastal  Plains: 

Houston  clay 

River  flood  plains: 

Neosho  silt  loam 

Wabash  silt  loam 

silt  clay 

clay 


Yazoo  sandy  loam. 
Yasooloam 


Acres, 


85,184 

4,992 

37, 107 


Acres. 
30,739 


127,283 

909 

48,883 


Acres. 
35,456 


207,814 
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Area  of  tails  surveyed  in  the  several  States j  arranged  in  provinces  and  series — Continued. 

K  A  NS  A  S— Continued . 


Province  and  soil  name. 


Glacial  and  loesaial: 

Marshall  gravelly  loam . 
sandy  foam . . , 
silt  loam 


Miami  sand 

fine  sand... 

Rough  stony  land. 


Residual  soils  of  the  western  prairie: 

Crawford  gravelly  loam 

silt  loam 

clay 


Derby  loam 

Oswego  fine  sandy  loam . 
silt  loam 


Rock  outcrop  and  Rough  stony  land. 
Sedgwick  black  clay  loam 


Rocky  Mountain  valleys  and  plains: 

Colorado  sand 

sandy  loam 

loam 


Dunesand 

Finney  sandy  loam . 
clay 


Laurel  fine  sand 

sandy  loam 

fine  sandy  loam. 

loam 

loam  ado  I^ 

silt  loam 


Rough  stony  land . 


Total  for  State 


Area  of 

types  in 

series. 


Acres. 
10, 176 
2,240 
515,840 

19.392 
15.744 


Total  for 

series  and 

types. 


Acres. 


528,256 


35,136 
17,068 


5,165 

211.559  , 

(».544 


25.293 

462.848 


10,944 
27,200 
47,040 


6,272 
2,240 


2,112 
16,000 
13,888 
54,272 

1,472 
17,600 


Total  for 

province 

and  State. 


Acres. 


285,268 
20,416 


488,141 

120,793 

5,568 


85.184 
83,200 


8,512 


105,344 

8.768 


580,480 


920,186 


291,008 


2,034,944 


KENTUCKY. 


Atlantic  and  Gulf  Coastal  Plains: 

Leonardtown  loam 

Norfolk  fine  sandy  loam 

loam 


Portsmouth  silt  loam . 


River  flood  plains: 
Llntonia  loam . 

Meadow 

Muck 


Riverwash 

Wabash  silt  loam. 


Waverly  fine  sandy  loam . 

silt  loam 

clay 


Appalachian  Mountains  and  Plat^'au: 

Dekalb  shale  loam 

fine  sandy  loam 

loam 

silt  loam 


Rough  stony  land . 


Limestone  vallevs  and  uplands: 

ClarksviUo  silt  loam 

clav  loam 


Acres. 


3,008 
896 


45,440 


3,072 

5,824 

38,016 


I 


18,880 

832 

20,800 

120.832 


Acres. 
320 


3,904 
896 


17,984 
832 
320 
128 

45,440 


46,912 


161,344 
3,904 


242,240 


Acres. 


5,120 


111,616 


165,248 
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Area  of  soils  surveyed  in  the  several  States,  arranged  iyi  provinces  and  series — CoDtinued. 

KE  NT  UCKY— Continued. 


Province  and  soil  name. 


Limestone  valloys  and  uplands— Continued. 

CumlK»rland  loam 

(lUthrio  clay 

Ilagerstowu  stony  clay 

loam , 

clay 


Glacial  and  loossial: 
Memphis  silt  loam. 
Miami  silt  loam... 


Total  for  Static. 


Area  of 
I  types  In 
'     scries. 


Acres. 


Total  for      Total  for 
series  and  I   province 
types.        and  State. 


33,782 
208,250 
2(>1,508 


Acres. 
4,288 
4,480 


503,616 


139, 776 
154, 176 


Acres. 


764,624 


293. 9o2 


l,3:K),5(iO 


LOUISIANA. 


Atlantic  and  Culf  Coastal  I'l.iins: 

Acadia  silt  loam 

Amite  sandy  loam 

Amite  loam 

Caddo  fine  sandy  loam 

Calcasieu  fino  saiid 

Calcasiou  fin<'  sandy  loam 

Calcasieu  loam 

Crowley  silt  loam 

Greenville  CTav«»lly  sandy  loam. 

Greenville  loam 

Hammond  silt  loam 

Houston  clay 

Lacasino  clay  loam 

Lake  Charles  fine  sundy  loam... 

Lake  Charli-s  loam 

Landry  silt  loam 

Lufkiii  clay 

Monroe  silt  loam 

Morse  elay 

Myatt  fine  sandy  loani 

Norfolk  sand 

fine  sand 

fin*'  sandy  loam 


Orangeburg  sand 

fine  sand 

sandy  loam 

finesiindy  loam. 


Peat 

Susquehanna  fine  sandy  loam . 

clay  loam 

clay 


Swamp,  Tidal  swamp  and  marsh 


River  flood  plains: 

Meadow 

Miller  fine  sand 

fine  sandy  loam. 

silt  loam  I 

elay 


Muek 

Sharkey  elay. 

Swamp 

Wabash  elav . 


Yazoo  sandy  loam. 
Ya7-oo  loam* 


Glacial  and  loesslal: 
Marshall  silt  loam . 
Memphis  silt  loam. 


Acrts. 


1,000 

23.040 

;:5O,720 


4,544 

54,330 

1,280 

300.032 


348, 544 
14,080 
45,696 


ir.,l)»i0 

110,976 

2:?,29<i 

m).200 


41,088 


Acres. 

89,280 

7,232 

16,320 

142,528 

13,970 

5,500 

51,280 

244, 160 

10,752 

2,048 

70,976 

1,728 

3,470 

143,924 

6,378 

37,606 

5.440 

236,096 

1,664 

8,064 


575,360 


360,192 
50,200 


408,320 
10.304 


310,288 


250,432 
21,056 

243.648 
13,248 

41.088 
43, 136 
19,584 


16,r)40 
219,200 


Acres. 


2,511,882 


948,480 


235,840 


Total  for  State 3,696,202 
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MARYLAND. 


Province  and  soil  naine. 


Atlantic  and  Gulf  Coastal  Plains: 

Coastal  beach 

CoUington  sandy  loam 

Elkton  sandy  loam 

loam 

silt  loam 


Leonardtown  loam 

Norfolk  gravol 

coarse  sand 

sand 

fine  sand 

fine  sandy  loam . 

loam 

silt  loam 


Portsmouth  sand 

sandy  loam . 
loam 


Sassafras  gravelly  loam. . . 

sand 

loamy  sand 

sandy  loam 

fine  sEmdy  loam. 

loam '. 

silt  loam 


Susquehanna  clay  loam, 
clay 


Swamp,  Tidal  swamp  and  marsh. 

River  flood  plains: 

Meadow 

Swamp 


Piedmont  Plateau: 
Cardiff  slate  loam.. 

Cecil  clay 

Chester  mica  loam, 
loam 


Conowingo  barrens. . . 

Cono  wingo  clay 

Loudoun  sandy  loam. 
Penn  gravelly  loam. . 

loam 

clay 


Appalachian  Mountains  and  Plateau: 

Dekalb  stony  loam 

shale  loam 


Total  for  State. 


Area  of 

types  in 

series. 


Acrrt. 


Total  for 

series  and 

types. 


9,280 

2,624 

140,524 


123,740 
65,370 

234,272 
58,590 
23.380 
88,078 

196,050 


41,024 

37,696 

2.944 


2,880 

29,696 

52,992 

160,576 

18,496 

101,760 

130,944 


16,850 
38,250 


51,938 
171,624 


192 
1,344 
2.240 


1,600 
192 


Acres. 
8,064 
23,260 


152,428 
152,930 


789,480 


81,664 


497,344 


55,100 
69.200 


176,620 
2,200 


1,690 
52,838 


223,562 

5,280 

9,510 

768 


3,776 


1,792 


Total  for 

province 

and  State. 


Acres. 


1,829,470 


178,820 


297,424 


1,792 


2,307,608 


MASSACHUSETTS. 


River  flood  plains: 

Meadow 

Swamp 


Piedmont  Plateau: 

Penn  stony  loam 

Glacial  and  loe^ial: 
Bemardstown  loam. 
Holyoke  stony  loam. 


Glacial  lake  and  river  terr£u?es: 

Elmwood  loam , 

Enfleld  sandy  loam 

Manchester  sandy  loam . . . . 


Acres. 


Acres. 
41,038 

14,774 


16,064 
191,762 


6,598 
13.928 
24,640 


Acres. 

55,812 
24,036 

207,826 
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Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

M  ASSACH  USETTS-Continued. 


Province  and  soil  name. 


Glacial  lake  and  river  terraces— Continued. 

Merrimac  gravelly  sand v  loam 

coarse  sandy  foam 

coarse  sand 

sandy  loam 


Podunk  fine  sandy  loam . 
Suflleldciay 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 

55, 188 

9,088 

.'>2.812 

40,404 


Totfll  for 

series  and 

types. 


Arret. 


157,492 
15,268 
12,456 


Total  for 

province 

and  State. 


Acres. 


230,382 


5I8,a''i6 


MICnidAN. 


River  flood  plaias: 

Meadow 

Wabash  loam . 


Aerrn. 


Limestone  valleys  and  uplands: 
Fort  Payne  sandy  loam 

Olaclal  and  loessial: 

Marshall  loam 

black  clay  loam . . . 


Miami  stony  sand 

stony  loam 

gravelly  sand 

gravelly  sandy  loam. 

gravelly  loam , 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

loam 

clay  loam 


Rough  stony  land . 


Olacial  lake  and  river  terraces: 
Clyde  stony  sandy  loam . . 

gravelly  sand 

sand 

sandy  loam 

fine  sandy  loam 

loam 

silt  loam 

clay 


Dunesand 

Elm  wood  loam 

Muck 

Saginaw  sandy  loam. 

Saugatuck  sand 

Superior  clay 

Swamp  and  Marsh . . 


Total  for  State. 


20,544 
13,056 


5,622 

80,310 

57,642 

27,840 

1,088 

474,824 

64,460 

249,780 

119,360 

103,296 

271,242 


8,000 
24,656 
67,400 
98,304 
40,704 
386,476 

3,904 
26,560 


Acres. 
53,462 
1,152 


33,600 


1,455,464 
17,344 


656,004 

10,554 

3,810 

143,658 

14,272 

24,120 

704 

2,752 


Acres. 


54,614 
7,996 


1,506,408 


855,874 


2,424,832 


MINNESOTA. 


River  flood  plains: 

Meadow 

Wabash  fine  sandy  loam. 

loam 

silt  loam 


Qlacial  and  loessial: 
Bamum  stony  loam 
Bamimi  loam 


Acres. 


14,528 

3,968 

13,312 


8,704 
2,496 


Acres. 


56,768 
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Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 


MINNESOTA— Continued. 


Provinco  and  soil  naiue. 


Glacial  and  loessial — Continued. 

Jiidson  loam 

Marshall  gravel 

gravelly  loam 

nnesand 

sandy  loam 

fine  sandy  loam... 

loam 

silt  loam 

clay  loam 

black  clay  loam . . . 


Miami  stony  loam 

gravelly  sandy  loam. 

sand 

fine  sand 

sandy  loam 


Rock  outcrop  and  Rough  stony  land . 

Glacial  lake  and  river  terraces: 

Benoit  fine  sandy  loam 

Benolt  loam 

Dunesand 

Fargo  fine  sandy  loam 

silt  loam 

clay  loam 

clay 


Mankato  sand 

Mankato  sandy  loam 

Mankato  loam 

McLeod  sand 

Muck  and  Peat 

Sioux  gravelly  sandy  loam . 

Superior  silt  loam 

clay 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 


1,216 

960 

15,872 

4,480 

13,824 

117,120 

128,704 

1&5,152 

29,760 


93,312 

20,032 

344,576 

27,968 


16,192 
43,392 


Total  for 

series  and 

types. 


Acret. 
3,968 


407,068 


129,&^)6 
19,264  I 


4,032 

31,360 

1,024 


485,888 
4,082 
2,816 
1,600 
4,288 
33,344 
24,448 


59,584 


Total  for 

province 

and  State. 


Acres. 


661,376 


652,416 


1,370,560 


MISSISSIPPI. 


Atlantic  and  Gulf  Coastal  Plains: 

Gadsden  loam 

Guin  fine  sandy  loam 

Houston  chalk 

clay 


Luf kin  silt  loam, 
clay 


Monroe  silt  loam 

Montrose  sandy  loam, 
clay 


Myatt  fine  sandy  loam , 
clay  loam 


Norfolk  gravelly  loam . . . 

coarse  sand 

sand 

fine  sand 

sandy  loam ..'... 
fine  sandy  loam, 
loam 


Oktibbeha  fine  sandy  loam. 

silt  loam 

clay  loam 

clay 1. 


Acres. 


8,064 
38,400 


55,806 
71,040 


20,928 
43,840 

6,144 
4,096 


48,768 
448 
77,568 
57,216 
16,128 
374,464 
83,264 


17,344 
13,824 
15,360 
25,920 


Acres. 
14,502 
176,192 


46,464 


126,848 
64,896 


64,768 
10,240 


667,856 


72,448 


Acres. 
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Area  of  soils  surveyed  %n  the  several  States^  arranged  in  provinces  and  series — Continued. 

MISSISSIP  Pl-Continued. 


Province  and  soil  name. 


Atlantic  and  Gulf  Coastal  Plains    Continued. 

Orangeburg  sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

loam 

clay 


Portsmouth  loam 

Susquehanna  fine  sandy  loam. 

silt  loam 

clay 


River  flood  plains: 

Catalpa  silt  loam 

Congan.'e  loam 

Lintonia  loam 

Meadow 

Ncuse  clay 

Ocklocknee  loam 

clay  loam. 

clay 


Sharkey  clay 

Swamp 

Wabash  clay 

Waverly  fine  sandy  loam. 

loam 

silt  loam 

clay 


Area  of 

tjrpesln 

series. 


Acres. 
6,656 
2,304 

81,856 

166,400 

1,984 

98,368 


Yazoo  sandy  loam. 
Yazoo  loam 


Glacial  and  loessial: 
Memphis  silt  loam. 

Totalfor  State... 


6,080 

9,984 

31,360 


103.360 
13,632 
55,552 


3,840 

8,960 

49,152 

7,360 


Total  for 

series  and 

types. 


Acres. 


357,568 
3,328 


47,424 


5,056 

53,760 

54,452 

131,992 

13,120 


172,544 

333,820 

3,072 

90,466 


69,312 
35,182 
36,368 


Total  for 

province 

and  State. 


Acres. 


1,642,(324 


990,134 
776,866 


3,417,624 


MISSOURI. 


River  flood  plains: 

Jackson  loam 

Meadow 

Riverwash 

Wabash  loam 

silt  loam. 

clay 


Waverly  silt  loam, 
clay  loam . 


Yazoo  loam. 


Appalachian  Mountains  and  Plateau: 
Dekalb  fine  sandy  loam 

Limestone  valleys  and  uplands: 

ClarksviUo  silt  loam 

stony  loam 


Rough  stony  land . 

Glacial  and  loessial: 
Marion  silt  loam... 
Marshall  silt  loam. 
Memphis  silt  loam 
Miami  fine  sand . . . 
silt  loam... 


Roueh  stonv  land. 

Shelby  sane! 

Shelby  loam 

Shelby  silt  loam.. 


Acres. 


11,904 

186,944 

50,904 


49,664 
23,2% 


365,376 
1,044,160 


Acres. 
2,304 
40,000 
1,856 


258,752 


72,960 
30,912 


1,409,536 
3,200 


640 
74,432 


175,552 

306,816 

5,184 


76,072 

28,160 

448 

410,368 

402,112 


Acres. 


406,784 
3,584 


1,412,736 


1,403,712 
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Area  of  sails  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

MISSOURI-C^ntinued. 


Province  and  soil  name. 


Glacial  lake  and  river  terraces: 

Sioux  sandy  loam 

Residual  soils  of  tho  western  prairie: 
Gasconade  silt  loam 


Total  for  State. 


Area  of       Total  lor 

types  \xP  ,  series  and 

series.  types. 


Acres. 


Acres. 


Total  for 

province 

and  State. 


Acres. 


320 
l.tiOO 


3,228.736 


MONTANA. 


North w^tem  intormountaln  region: 

Bozeman  sUt  loam 

Bridgcr  eraveliy  loam 

Clay  loam 


Gallatin  gravelly  loam . . 
nne  sandy  loam 

silt  loam 

day  loam , 


Yakima  silt  loam. 


Rocky  Mountain  valleys  and  plains: 

Billings  gravelly  loam 

fine  sandy  loam 

clay  loam 

clay 


Laurel  sandy  loam . 
Swamp 


Total  for  State. 


NEBRASKA. 


Acres. 


12,544 
1,472 


32, 576 

6.464 

23,806 

896 


11,776 
13,568  I 
14.144 
17,088 


Acres. 

76.608 


14,016 


63,744 
53,824 


56.576 
8,832 
3,008 


Acres. 


208,192 


68,416 


276,608 


River  flood  plains: 

Meadow 

Muck 

Sarpy  day  loam 

Waoash  nno  sandy  loam. 

silt  loam 

clay 


Glacial  and  locssial: 

Marshall  lino  sandy  loam, 
fine  sand .      ... 

loam 

sUtloam 


Miami  sand 

fine  sand, 
silt  loam. 


Glacial  lake  and  river  terraces: 

Sioux  sandy  loam 

fine  sandy  loam 


Rocky  Mountain  valleys  and  plains: 

Dunesand 

Finney  fine  sandy  loam 

loam 


Gannett  fine  sand 

Lancaster  fine  sandy  loam. 
Laurel  gravelly  loam 

fine  sand 

sandy  loam 

fine  sandy  loam 

loam 


Acres. 


22,\AA 

131,264 

3,648 


15.424 

21,440 

142.144 

964,864 


29.440 
56.576 
69,606 


29,184 
60.352 


40,128 
11,008 


16, 448 
5,440 

10,048 
5.7(50 

24,768 


Acres. 
28,544 
3,264 
2,816 


157,056 


1,143,872 

155,712 


89,536 


161,664 


51,136 

8,448 
2,368 


62,464 


Acres. 


191,680 


1,299,584 


89,536 


222 


SOILS   OF   THE   UNITED   STATES. 


Area  of  soils  surveyed  in  the  several  S tales y  arrange<Hn  provinces  and  series — Continued. 

NEBRASKA— Continued. 


Pro^nce  and  soil  name. 

Area  of 

tyx>e8ln 

series. 

Total  for 

series  and 

types. 

Total  for 

province 

and  State. 

Rockv  Mountain  valleys  and  plains— Continued. 

Meadow 

Acres. 

Acres. 
46,272 
23,936 
16,320 
40,000 

Acres. 

North  Platte  loam 

Oseood  ftne  sandy  loam 

Rouffh  stony  land  and  Rlverwash 

412,608 

Total  for  State 

1,993,408 

NEW  HAMPSHIRE. 


River  flood  plains: 

Meadow 

Glacial  and  loesslal: 

Gloucester  stony  sandy  loam 

Gloucester  stony  loam 

Rock  outcrop  and  Rough  stony  land . 


Glacial  lake  and  river  terraces: 

Merrimac  coarse  sand 

saoid 

gravelly  sandy  loam . 


Podunk  fine  sandy  loam . 
Podunk  sUt  loam 


Total  for  State. 


Acres. 

14,848 


471,104 


104,512 


590,464 


NEW  JERSEY. 


Atlantic  and  Gulf  Coastal  Plains: 

AUoway  clay 

CoUington  sandy  loam 

Elkton  silt  loam 

Norfolk  gravel 

coarse  sand 

sand 

fine  sand 

sandy  loam 

silt  loam 


River  flood  plains: 

Meadow 

Piedmont  Plateau: 

Cecil  stony  loam . 

Penn  stony  loam . 

sandy  loam . 

loam 


Total  for  State. 


Acres. 


192 
18,792 

129,200 
31,134 
25,430 

194,412 


NEW  MEXICO. 


5,632 

10.816 

171,712 


Acres. 
22,484 
87,626 
11,240 


390,250 


13,952 
188.160 


Acres. 


520,600 
95,770 


202,112 


818,482 


.\rid  Soflthwest: 

Gila  fine  sand 

GyxMum 

Meadow 

Pecos  conglomerate 

Pecos  sandy  loanu 

Roswell  fine  sandy  loam. 
Roswoll  loam 


Total  for  State. 


Acres. 


Acres. 

2.810 
11,630 

7,940 
11,680 
36,310 

9,090 

2,730 


Acres. 


82,190 


DISTRIBUTION   BY   STATES — NEW   YORK. 
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Area  of  soils  surveyed  in  the  several  States j  arranged  in  provinces  and  series — Continued. 

NEW  YORK. 


Province  and  soil  name. 


Atlantic  and  Oulf  Coastal  Plains: 

Coastal  beach 

Hempstead  loam 

Norfolk  gravel 

coarse  sand 

sand 

coarse  sandy  loam. . . 

loam 


Tidal  swamp  and  marsh. 

River  flood  plains: 

Huntington  loam 

silt  loam 


Meadow 

Wabash  loam. 


Appalachian  Mountains  and  Plateau: 

Dekalb  clay 

Upshur  clay 


Glacial  and  loessial: 

Allis  shale  loam 

AJlIs  clay 

Cassadaga  sand 

Dover  fine  sandy  loam. . . 

Dover  loam 

Dutchess  stony  loam 

Dutchess  slate  loam 

Dutchess  silt  loan] 

Gloucester  stony  loam. . . 

Gloucester  loam 

Madeland 

Miami  stony  sand 

stony  sandy  loam. 

stony  loam 

fine  sand 

fine  sandy  loam . . , 


Rhinebeck  loam 

Rock  outcrop  and  Rough  stony  land . 
Volusia  stony  loam 

gravelly  loam 

loam 

silt  loam 

day  loam 


Glacial  lake  and  river  terraces: 

Clyde  fine  sand 

One  sandy  loam 

loam 

day 


Dunkirk  stony  clay 

gravel 

gravdly  sandy  loam . 

gravelly  loam 

shale  loam 

fine  sand 

sandy  loam 

flne  sandy  loam 

loam 

silt  loam 

clay  loam 

clay 


Hudson  sandy  loam 

fine  sandy  loam. 

loam 

clay  loam 


Lockport  day 

Memraac  gravelly  loam 

gravelly  sandy  loam. 

loam 


Area  of 

types  In 

series. 


Acrei. 


24,640 
11,200  I 


5,376 

163.008 

509,056 

31,936 

6,848 


12,352 

4,606 

291.234 

444,608 

5.952 


320 
20,224 
55.360 
18,752 


35,072 

4,840 

31,004 

08.432 

14.592 

10;944 

4,480 

105.674 

144.832 

94,272 

107.264 

121,666 


1,856 
6.400 
3,904 
9.984 


41.216 
9^600 
1,600 


Total  for 

series  and 

types. 


Acres. 
12,224 
53,824 


247,296 
52,800 


35,840 

100,670 

30,872 


21,860 
7,936 


2,368 

2,304 

1,660 

8,512 

28,800 

51,776 

94,144 

117,184 

8,256 

10,752 

1,024 


716,224 

1.068 

140,736 


758,754 


94,656 


58055— Bull.  55—09 15 


773,072 


22,144 
6,656 


52.416 


Total  for 
province 
and  State. 


Acres, 


366,144 


176,382 
29,796 


1,943,682 
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SOILS   OF   THE   UNITED   STATES. 


Area  of  soils  surveyed  in  the  severed  States,  arranged  in  provinns  and  series — Continued. 

NEW  YORK-^Coutinued. 


Province  and  soil  name. 


Qiacial  lake  and  river  terraces— Continued. 

Muck  and  Peat 

Podunk  fine  sandy  loam 

Swamp 

Tonawanda  loam 

Veigennes  stony  loam 

ffravelly  loam 

fine  sand 

sandy  loam 

loam 

clay 


Warners  loam. 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 


NORTH  CAROLINA. 


2,762 
2.944 
6.272 
128 
2,048 
27,904 


Total  for  ,  Total  for 
series  and  .   province 
types.     I  and  State. 


Acres. 

45.568 

192 

14,272 

15,168 


42,048 
128 


Acres. 


1,066,32Q 


3,582,224 


Atlantic  and  Gulf  Coastal  Plains: 

Muck 

Norfolk  gravel 

coarse  sand 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

silt  loam 

clay 


Orangebuiv  fine  sandy  loam. 
Portsmouth  sand 

fine  sand 

sandy  loam 

fine  sandy  loam. 

loam 

silt  loam 


Sandhill  and  Coastal  beach 

Susquehanna  gravelly  loam 

Swamp,  Tidal  swamp  and  marsh. 


River  flood  plains: 

Moiidow 

Neuse  clay 

Swamp 

Toxaway  fine  sandy  loam 
Toxaway  loam 


Piedmont  Plateau: 

Cecil  sand 

sandy  loam. 

loam* 

silt  loam . . . 
clay 


Conowingoclay.. 
Iredell  clay  loam. 


Appalachian  Mountains  and  Plateau: 

Dokalb  stony  loam 

Porters  stony  loam 

sand 

sandy  loam 

loam 

black  loam 

clay 


Rock  outcrop. 


Total  for  State. 


Acres. 


11.410 
384 

88.958 
266,304 
362.524 
592.388 

12,992 

9.600 


I 


49.088 

28,608 

89.124 

150,436 

105.152 

126,272 


I 


38,242 
86,336 
333,888 
402,496 
116,544 
175,232 


Acres. 
6.290 


1.344,560 
7,616 


548,680 
23.432 
14.330 

388.650 


84,010 
4.Ki2 
38.2?'8 
22.976 
11,328 


1,206.272 
29,952 
41,100 


7,488 


1,152,738 
13.056 


Acres. 


2,333, 


161,434 


1,277,324 


1,173,282 
4, 945,. 538 


DISTRIBUTION   BY  STATES — NORTH   DAKOTA. 
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Area  of  soils  surveyed  xn  the  several  States,  arranged  in  provinces  and  series — C  ontinued. 

NORTH  DAKOTA. 


Province  and  soil  name. 


River  flood  plains: 

Carrington  clay  loam . 

Metidow 

Riverwash 

Wabash  loam 

clay 


Glacial  and  loessial: 

Uobart  clay 

Marshall  stony  loam 

gravel 

gravelly  loam . . 

fine  sand 

fine  sandy  loara . 

loam 

silt  loam 

black  clay  loam . 

clay  loam 

clay 


Area  of 

types  la 

seiies. 


Aires. 


Wheatland  sand , 

Wheatland  sandy  loam . 
Williams  stony  loam. . . 
Williams  loam 


Olacial  lake  and  river  terrcux?s: 

Bearden  loam 

Clyde  fine  sandy  loam 

loam 

clay 


Dunesand 

Fuigo  sand 

fine  sand 

fine  sandy  loam , 

loam 

silt  loam 

clay 


McLeod  sand. 
Muck 


Sioux  gravelly  loam . . . 
fine  sandy  loam. 

loam 

cLiy 


Williston  gravelly  sandy  loim. 
Willlston  sandy  foam 


Uoeky  Mountain  valleys  and  phiins: 

Epplng  clay 

^  Finnoy  clay 

Liurel  fine  sandy  loam 

loam 

silt  lo:im 

clay  loam 

clay 


Morton  stony  loam 

fine  sand 

fine  sandy  loam . 

loam 

silt  loam 

clay  loam 

clay 

gumbo 


Rough  broken  land  (Bad  Lands)  and  Rirorwash 

Scoria  gravol 

Wade  fine  sandy  loam 

loam 

silt  loam 

.  cbiy 


75,840 
1,344 

71,(ilO 
4,096 

27,776 
420,992 
281,408 
124,352 
2tJ8,800 

76,800 


46,208 
3,328 


Total  for 

series  and 

types. 


Aires. 
6,272 
33,472 
17,408 


79,680  , 

94,784 

18,880 


22,016 
19,904 
<0, 192 
20,800 
7,040 
42,368 


30,400 
5,632 

15,744 
2,432 


1,984 
1,216 
1,280 
3,904 
6,(i56 


48,128 

4,3,52 

117,952 

163.4.1C. 

104,576 

17,024 

704 

8,448 


■I 


12,608 
8,576 

28,352 
8,256 


49,536 


6,208 


15,040 


464,640 
22,720 
25,920 


57,792 


1,353,024 

2^,504 

10,708 

69,888 

272,256  ' 


o,o84 


193,344 

11,968 


152,320 

33,728 

6,592 


54,2as 
12,352 

3,584 


384 
1,024 


Total  for 
province 
and  State. 


Acres. 


106,688 


1,747,648 


471,680 


587,520 


Total  for  State   , 2,913,536 
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SOILS   OF   THE    UNITED   STATES. 


Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  senes — (.^ontinued. 

OHIO. 


Province  and  soil  name. 


Rirer  flood  plains: 

Huntington  silt  loam, 

Moudow 

Wat>asb  sandy  loam . 

loam 

cLiy 


Art»a  of 

tyiH».s  In 

scries. 


Atrts. 


4,000 

ft'>.9'-0 

1,216 


Waverly  clay 

Wheeling  gravelly  loam . . 

fine  sand 

fine  sandy  loam . 

silt  loam 


Appalachian  Mountains  and  IMaCeau: 

Dekalb  sand v  loam 

silt  foam 

clay 


7,«jO 
t>40 

2,432 


12,096 

•:2.i,4?2 

9.7*28 


Meigs  clay  loam . . 
Rough  stony  land. 
Upshur  clay 


Olacial  and  loessial: 

M;irshall  black  clay  loam 

Miami  stony  loam «iO,09t» 

gravolly  loam (i9,.j<'jS 

sand 39.104 

sandy  loam 42,240 

clavloam 1,089,216 


Volusia  Io;im 

silt  loam. 


173. 4<0 

78. 4W 


Glacial  lake  and  river  terraces: 

Clyde  cLiy 

Dunkirk  gravel 

gravolly  sandy  loam. 

gravelly  loam 

nno  sandy  loam 

loam 

clay  loam 

clay 


2,880 

(i,o28 

8,384 

42,048 

2,880 

20,3:»2 

18.880 


Muck  and  I'eat . 


Total  for  St;i to. 


Total  for 

scries  and 

Ij-pes. 


A t res. 
16,704 
20.064 


101,136 
25,408 


12,736 


447, -296 

114,432 

4,928 

17.216 


67,920 


1.300,224 


2:»1.904 


iK's.a'ie 


ToUl  for 

province 

and  State. 


Acret. 


I01,9.'i2 
5,248 


176,048 


583,  S72 


1,620,048 


272,256 


2,652,224 


OKLAHOMA. 


Atlantic  and  Gulf  Coastal  Plains: 

Durant  sand 

Durant  ftne  .sandy  loam 

Harley  sandy  loam 

Ilouston  loam 

black  clay 


Orangebuig  fine  sandy  loam. 

River  flood  plains: 

Moidow 

MlUor  fine  sandy  loam 

loam 

clay 


Teller  fine  «nnd 

Teller  fine  sandy  loam. . . 
Wabash  fine  sand 

fine  sandy  loam. 

silt  loam'. 

clay 

silt  day 


Acres. 


32,768 
7.5,392 


11,136 
37,184 

1,280 


14.528 
9.792 

11.968 
6.010 
4,992 


Acres, 
4,288  1 

25,?.»  I 
8,832 


108, 1<» 
53,888 


3,904 


49,600 

1,.'^44 

11,712 


47,296 


Acres. 


200,896 


113.856 


DtSTRIBtJTION   BY  STATES OREGON;   PENNSYLVANIA. 
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Area  cf  soils  surveyed  in  the  several  States  arranged  in  provinces  and  series — Continued. 

OKLAHOMA— Continued. 


Pro^inco  and  soU  name. 


I  ' 

Area  of       Total  for      Total  for 
typeM  in      series  and  I   province 
series.  Xyv^s.       and  State. 


Residual  soils  of  the  western  prairie: 

Rough  stony  land 

Tishomingo  gravelly  sandy  loam. 
Vernon  sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

silt  loam 

clay 


Acres. 


11.776  j 

44.928 

9.984 

162,048 

131.072 

9,216 


Acres, 
30.784 
29.606 


Total  for  State. 


369.024 


OREGON. 


Northwestern  intermountain  region: 

Bridger  gravelly  loam 

loam 


Acres. 
17.216 
30.784 


Gallatin  loam. 

Meadow 

Rock  outcrop, 
Yakima  loam. 


Pacific  coast: 

Salem  gravelly  loam., 
nne  sandy  loam . 

silt  loam 

clay 


13. 120 

3,048 
78,656 
86.400 


Total  for  State. 


PENNSYLVANIA. 


Atlantic  and  Gulf  Coastal  Plains: 

Elkton  silt  loam 

Norfolk  gravelly  loam 

fine  sand 

loam 

silt  loam 


Acres. 


River  flood  plains: 

Huntington  fine  sandy  loam, 
loam 


17.350 

\2,\m 

3.648 
7,942 


4.992 
5.056 


Meadow . 


Piedmont  Plateau: 
Brandy  wine  loam. 
Cardiff  slate  loam. 
Cecil  stony  loam . . 

clay  loam . . . 

clay 


40.348 

45.376 

I,(W8 


Chester  stony  loam 

mica  loam 

fine  saudy  loam 
loam 


20,.S64 

10. 640 

6,080 

2.')1.456 


Conowingo  liarrens, 

Conowingo  clay 

Lansdale  silt  loam. 
Manor  stony  loam. 

Manor  loam 

Penn  stony  loam.. 

shale  loam . . . 

sandy  loum.. 

loam'. 

silt  loam 


58.7(J0 
100.032 

43.  %2 
110.154 

61.824 


Rough  stony  land. 


181.824 


Acres. 
512 


41,100 


10.048 
50,204 


24,000 
7(i8 


8(),812 


289,040  I 

2.944 

4,160 

99. 1») 

.'i8.95() 

76, 7.36 


I 


374. 752 
14.976 


Acres. 


429,604 


744,266 


Acres. 

Acres, 

48.000 

29.760 

12.352 

192 

10.816 

101,120 

181,824 
282,944 


Acres. 


41,612 


60,262 


1,012,280 
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SOILS  OF  THE  UNITED  STATES. 


Area  of  sails  surveyed  in  the  several  States^  arranged  in  provinces  and  series — Oont^ued. 

PENNSYLVANIA-Continued. 


Province  and  soli  name. 


Appalachian  Mountains  and  Plateau: 

Chemunjir  stony  loam 

Dekalb  stony  sandy  loam 

stony  loam 

shale  loam 

j^ravellv  loam 

sandy  foam 

fine  sandy  loam 

silt  loam 

loam 

clay 


Uckdale  clay  loam 

Morrison  sand 

Morrison  sandy  loam 

Morrison  fine  sandy  loam . 

Porters  stony  loam 

clay' 


Rouf  h  stony  land  and  Steep  broken  land . 
Upshur  stony  sandy  loam 

stony  loam 

loam 


Limestone  valleys  and  uplands: 

Couestoga  loam 

Frankstown  stony  loam 

Ilagerstown  stony  loam 

sandy  loam 

loam 

silt  loam 

clay  loam 

clay 


Total  for  State. 


Area  of 

types  In 

scries. 


Acres. 


18.(388 

909.908 

288,538 

4.800 

11,220 

5.632 

46.464 

20,928 

3.072 


Total  for 

series  and 

types. 


Acres. 
3,328 


41,472 
27.264 


2.368 

39.680 

1.536 


35.072 

1,792 

185.470 

34.432 

27.144 

2.000 


709,250 

16.016 

576 

2.560 

1.600 


68,736 
96,102 


43.584 


52.344 
2,048 


285,910 


Total  for 

province 

and  State. 


Acres, 


041,842 


340.302 


2,396.288 


RHODE  ISLAND. 


River  flood  plains: 

Meadow 

Glacial  and  loessial: 

Gloucester  stony  loam. . . 
Miami  stony  sandy  loam. 

stony  loam 

silt  loam 


Glacial  lake  and  river  terraces: 
Dunesand  and  Coastal  t)cach , 

Merrimac  coarse  sand 

coarse  sandy  loom. 


Swamp,  Tidal  swamp  and  marsh. 


Total  for  State, 


Acres. 


69.952 

149.952 

4.928 


26.304 
82.816 


Acres. 


325,120 


224,832 


2,176 


109,120 
31,232 


Acres. 
1,920 


540,962 


142,528 


094,400 


SOUTH  CAROLINA. 


Atlantic  and  (tulf  Coastal  Plains: 

Norfolk  course  sand 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

silt  loam 


Orangeburg  coarse  sandy  loam. 

sand 

sandy  loam 

clay 


Acres. 

9.024 

256.768 

61,504 

353,472 

95,168 

26.880 


8.256 
97.280 
64.612 

0, 784 


Acres. 


802,816 


176,832 


Acres. 


DISTRIBUTION   BY   STATES — SOUTH   DAKOTA. 
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Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

SOUTH  CAROLINA-Contlnued. 


Province  and  soil  name. 


Atlantic  and  Gulf  Coastal  Plains— Continued. 

Portsmouth  sandy  loam 

fine  sandy  loam 


Sandhill  and  Coastal  Iwach  .^ 

Swamp,  Tidal  swamp  and  marsh 


River  nood  plains: 

Congaree  Ane  sandy  loam. 

loam 

clay 


Meadow. 


Piedmont  Plateau: 

Cecil  stony  loam 

stony  clay 

gravelly  loam . . . 

sand , 

sandy  loam 

fine  sandy  loam . 

silt  loam 

clay 


Iredell  clay  loam . 
Rock  outcrop 


Appalachian  Mountains  and  Plateau: 

Pilot  loam 

Porters  sand 

sandy  loam 

fine  sand}*^  loam 

loam 

clay  loam 

clay 


Rock  outcrop . 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 
334.064 
71,<24 


Total  for 

series  and 

t>*pes. 


Acres. 


455.  <88 

64.064 

194.944 


23.3(30 

42.816 
2,944 


2,637 

1.280 

23.744 

67,878 

713.280 

160.128 

159.8(8 

8i)1.379 


15.238 

13.267 

24, 128 

33.C64 

26. 432 

26.5(9 

Total  for 
province 
and  State. 


Acres. 


69.120 
47.347 


2.020.134 

66.832 

128 


33,792 


139.2.38 
1.997 


1.604,144 


116,467 


2.077,094 


175.027 
4.062.732 


SOUTH  DAKOTA. 


River' flood  plains: 
Meadow 


Glacial  and  loesslal: 

Marshall  stony  loam 

sandy  loam 

loam . . 

black  clay  loam , 


Glacial  lake  and  river  terraces: 
Sioux  sandy  loam ...   


Rocky  Mountain  valleys  and  plains: 

Orman  clay 

Pierre  clay  loam 

Pierre  clay , 

Vale  gravelly  sandy  loam 

Vale  fine  sandy  loam 

Vale  loam 


Total  for  State. 


Acres. 


8,256 

93,376 

1,35.808 

43.456 


Acres. 
11,392 


280.896 


28.864 


14,912 
24,192 
41.088 

2,304 
23,936 

3,520 


Acres. 
11.392 


280.896 
28.864 


109.952 


431. 104 
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Area  of  soils  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

TENNESSEE. 


Province  and  soil  name. 

Area  of 

tj-pt^s  In 

series. 

Total  for 

series  and 

tj-pes. 

Acrea. 
1.964 

57,216 
17.216 
S8.850 

ir8.416 

Total  for 

province 

and  State. 

Atlantic  and  Gulf  Coastal  riains: 

Norfolk  sandy  loam 

Acrrt. 

Acra. 

River  flood  plains: 

Huntington  gravelly  loam 

14.464 
5,824 

31),  9-8 

1,984 

loam 

silt  loam 

Meadow 

Wabash  silt  loam 

Waverly  loam 

64, 4-J8 
43.968 

silt  loam 

221, 69S 

Appalachian  Mountains  and  Plateau: 

Clinch  shale  loam 

26.752 

371.520 

20,2^^8 

1.472 

17.024 

18.992 

Dekalb  ston v  loam 

126, 720 
64,89t) 

UJ3,392 
16. 512 

shale  loam 

sandy  loam 

silt  loam . . . , 

Grainger  shale  loam 

Holston  loam 

Lickdale  clay  loam 

Rock  outcrop  and  Rou^h  stonv  land 

655,380 
80. 448 

::<i2. 4.34 
27,460 

466,  (MS 

Limestone  valleys  and  uplands: 
Clarksville  stonv  Uiam     , , 

1.125,722 
47.  U« 
5:),  824 
20.352 

22.592 

9.536 

128 

5.800 

479.424 

3.840 

896 

6.656 

loam 

silt  loam 

clay  loam 

Conestoga  clav  

Cuml)erland  loam 

Davidson  loam 

Decatur  silt  loam 

6,592 
1.5.040 

clay  loam 

clay 

Fort  Payne  clav  loam 

Ciuthrie  clav 

Ilagerstown  stonv  loam 

110,464 
9.792 
5. 760 

a3 1.840 
21.568 

stonv  clav 

sandy  loam 

loam 

clay 

Moccasin  stonv  clav      

Newman  stonv  loam 

Rough  stony  land 

1.775,938 

Glacial  and  locssial: 

Islington  silt  loam 

342.272 

197. 120 

28,544 

Memphis  silt  loam 

SalTord  silt  loam 

567.936 

3.033,604 

TEXAS. 

Atlantic  and  Gulf  Coastal  Plains:  Acres. 

Bastrop  sandy  loam 7. 680 

fine  sandy  loam I  .32.  .320 

silt  loam 6,080 

clay 1 2. 352 

Caddo  fine  .sandy  loam  

Calcasieu  fine  .sandy  loam . 

Crockett  gravelly  loam |  3,  (HIS 

fine  sandy  loam 4, 4U> 

loam 640 

clay  loam ,         21 .  440 


Acres. 


Acres. 


I 


58.432 

9,152 

23,040 


29,504 
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Area  of  soils  surveyed  in  the  several  States^  arranged  in  provinces  and  series — Continued. 

TEXAS— Continued. 


Province  and  soil  name. 


Atlantic  and  Gulf  Coastal  Plains— Continued. 

1  louston  gravelly  clay 

loain 

black  clay  loam 

black  clay 

clay 


Lake  Charles  fine  sandy  loam . 

Lamar  loam 

Laredo  silt  loam 

silty  clay  loam 

clay  loam 

silty  clay 

clay 


Lufkin  gravelly  loam. . . 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam. 

loam 

clay 


Norfolk  sand 

fine  sand 

sandy  loam 

fine  sandy  loam , 
silt  loam 


Orangeburg  gravelly  sandy  loam. 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

clay 


Portsmouth  sandy  loam 

San  Antonio  clay  loam 

Sandhill  and  Coastal  i^e^icn . . . 
Susquehanna  gravel 

sandj'  loam 

fine  sandy  loam. 

loam 

clay 


Tidal  swamp  an<l  marsh. . . 

Travis  gravelly  loam 

Webb  gravelly  sandy  loam. 

fine  sand 

fine  sandy  loam 

loam 


Wilson  fine  sandy  loam. 

loam *. 

clay  loam 


River  flood  plains: 

Austin  fine  sandy  loam. . 

Blanco  loam 

Brennan  fine  sandy  loam. 

Cameron  clay 

Franklin  loam 

Lomalto  clay 

Meadow 

Miller  fine  sand 

fine  sandy  loam... 

silt  loaml! 

clay 


Area  of 

types  in 

series. 


Acres. 

148, 416 

2(:c.528 

54.272 

1,103,264 

84,864 


16,768 

33.216 

704 

448 

3,904 


58, 112 
63,936 
229.568 
362, 944 
220,752 
5.376 
194,816 


70,272 
650,944 

62. 784 
578,092 

24.128 


5,376 

4,096 

286,848 

15, 104 

494.592 

161.536 


58.560 

5.824 

512.000 

3.3:'2 

52,544 


53,7rO 

3.136 

110,  .528 

17,088 


Total  for 

series  and 

types. 


4.288 
98,SS0 
71.872 


15,296 
26,560 
30.912 
49,216 


Point  Isabel  clay 

Rio  Grande  silty  clay 

Sanders  loam. ." .*. 

Sanders  silt  loam 

Sharkey  clay 

Swamp' 


Wabash  clay 

heavy  clay. 


230.. 5,^2 
13.248 


Acres. 


1,657.344 

38,784 

5,696 


55,040 


1,141,504 


1,392,220 


967  552 

15,488 

28. 608 

3.264 


632,320 
31.1t)8 
25,728 


184,512 


175,040 


Total  for 

province 

and  State. 


I 


32,576 
5,376 

11.584 

27,072 
1.280 

36,544 
215,718 


121,984 

4,096 

8.064 

17,408 

lO.HSO 

1J^3  2iT) 

320 


2.'>2.800 


Acres. 


6.474,396 
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Area  of  saih  surveyed  in  the  several  States y  arranged  in  provinces  and  series — Continued. 

TEXAS-Contlnued. 


Province  and  soil  name. 


River  flood  plains—Continued. 

Yazoo  sandy  loam 

Yazoo  loam 


Residual  soils  of  the  western  prairie: 

(Crawford  stony  clay 

loam 

slit  clay 

clay 


Rock  Outcrop  and  Rough  stony  land . 
Vernon  sand 

sandy  loam 

fine  sandy  loam 

silt  loam 

clay 


Total  for  State. 


Area  of 

types  In 

series. 


Acres. 


119,104 

6,784 

18,048 

112,320 


56,448 
30,592 
5,248 
59.392 
22,592 


Total  for      Total  toi 

series  and     province 

types.     •  and  State. 


256,256 
29,312 


174,272 


Acres. 


1,019,558 


459,840 


7,953,794 


UTAH. 


Oreat  Basin: 

Bingham  stony  loam. . . 
gravelly  loam . 
loam 


Elsinoro  sand 

Elsinore  fine  sandy  loam . 
Jordan  sand 

fine  sand 

fine  sandy  loam. . 

loam 

clay  loam 

clay 


Malade  fine  sand 

sandy  loam 

fine  sandy  loam, 
loam *. 


Meadow 

Redfield  fine  sandy  loam. 

loam 

clay  loam 


Riv(  rwash 

Salt  Lake  sand 

sandy  loam. 

loam 

clay  loam... 


Waller  fine  sandy  loam. 


Total  for  State. 


Acres. 
()2.222 
132.112 
12.100 


32,168 

4,920 

48.i20 

95.7(0 

161.280 

6.528 

6,080 

3,264 

10.112 

16.640 


44,200 

14,100 

3,800 


I 


2,292 

51.306 
10.968 
89.166 


Acres. 


206,434 
1,900 

7.800 


349,216 


36,096 
25,188 


G2.100 
1,300 


1»2,734 
107,904 


Acres. 


9eO,672 


9f  0,672 


VERMONT. 


River  flood  plains: 
Meadow 


Olaclal  and  loessial: 

Miami  stonj-  sandy  loam. 
Rock  outcrop .' 


Olacial  lake  and  river  tcrraet  s: 
Muck 


Swamp 

Vergennes  stony  loam. . . 

irav'oUy  loam, 
ne  sand 


gr« 
Qn< 


Acres. 


14,272 
1,024 
2,112 


A cres. 


8,576 
4,288 


384 
1,280 


Acres. 
.3,520 


12,864 
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Area  of  soils  surveyed  in  the  several  Stales^  arranged  in  provinces  and  series — Continued. 

V  E  RMONT— Continued. 


Province  and  soil  name. 


Glacial  lake  and  river  torm'/es— Continued. 

Veigennes  sandy  loam 

loam ^ 

clay .: 

bLack  clay 


Total  for  State. 


Area  of 

types  in 

series. 


Acres. 

1,084 

2.304 

102.080 

3,584 


Total  for 

series  and 

types. 


Acret. 


127,360 


Total  for 

province 

and  State. 


Acres, 


129,024 


145,406 


VIRGINIA. 


Atlantic  and  Gulf  Coastal  Plains: 

Coastal  beach 

Chtslprlipid  Rravollv  sandy  loam. 

Clicsti'rfleid  sandy  foam 

Klkton  fine  sandy  loam 

Leonardtown  loam 

Norfolk  gravelly  loam 

coarse  sandy  loam 

sand 

fine  sand 

sandy  loam 

fine  sandy  loam 

loam 

silt  loam 

clay  loam 


Acres. 


Portsmouth  sand 

sandy  loam 

fino  sandy  loam. 

silt  loam 

clay  loam 


Swamp,  Tidal  swamp  and  marsh. 
Wiekham  sand 

sandy  loam 

loam 

clav  loam 


River  flood  plains: 

Congaree  loam , 

Huntington  loam 

silt  loam, 


Meadow 

Swamp 

Toxaway  fine  sandy  loam. 


Piedmont  Plateau: 

Bradley  sandy  loam. . 
Cecil  sand 

sandy  loam 

fine  sandy  loam. 

loam 

silt  loam 

clay 


Chester  mica  loam, 
loam 


Conowingo  barrens. . . 

clay 

Iredell  clay  loam 

liOudoun  sandy  loam. 
Penn  stony  loam 

gravelly  loam . . 

sandy  loam 

loam 

clay 


Worsham  sandy  loam. 


1.344 

4,288 

11.200 

20,864 

214,976 

230,272 

23.872 

5.ft')2 

1.856 


2,048 
50,048 
29,760 
55,488 

2,176 


2,560 
576 


59,558 
590, 282 

26.432  . 
108.992 

4,928  ; 
331,312 


3.200 
172.736 


1,280 
512 

5,568 
17.536 
25.664 


Acres. 
12,736 

05,680 
14.6.')6 
43,584 


-         514,624 


130,520 
67.072 


4,416 
5.120 
5,952 
2,176 
17.664 


9,984 


3,136 

142.208 

2. 132 

2,176 


59.072 


1,121,504 


175.936 
6,976 
6, 272 

141,086 
27,200 


50, 560 
8.520 


Acres. 


939,840 


159,036 


1,597.128 
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Area  of  soils  surveyed  in  the  several  States^  arranged  in  provinces  and  series — Continued. 

VIRGINIA-Contlnued. 


Province  and  soil  name. 

Area  of 

types  In 

scries. 

TotaJ  for 

series  and 

tjrpcs. 

Acren. 

311,450 

576 

384 

1,536 

2,752 

8,960 

Total  for 

province 

and  State' 

Appalachian  Mountains  and  Piatrau: 

Dekalb  slon  v  loam 

Acres. 

177,408 

^    100.698 

7,552 

25.792 

Acrr» 

ishuU'  loam 

fine  sandy  loam 

silt  loam >.. 

Holston  silt  loam 

Indian  loam 

Paris  loam 

Pilot  pravelly  loam 

Pilot  loam 

Porters  sand 

115.136 
46,150 
77,006 
63,312 

sandy  loam 

black  loam 

clay 

Rock  outcrop  and  Rough  stony  land 
Upshur  .silt  loam 


Limrstono  vall<*ys  and  uplands: 

Concstopa  clay 

Cumberland  pravelly  loam. 

loam 

clay  loam 


3,840 

2,:i6S 

192 


Decatur  clay  loam 

Hagerstown'  stony  loam . 

sandy  loam. 

loam 

silt  loam 

clay  loam... 

clav 


301,604 
94,9&i 
2,624 


16,960 


6,400 
448 


1(K).974 
57,414 
9S..V^ 
20,160 
1,792 
45. 130 


Murrill  day  loam. 
Radford  loam... 


324,038 

15.720 
701 


724.850 


364,270 


Total  for  State 3,786,022 


WASHINGTON. 


Glacial  and  locssial: 

Belli ngham  silt  loam 

Cust^^r  loam 

Custer  silt  loam 

Lynden  gravolly  loam 

Lynden  sandy  foam 

Lyndon  flne  sandy  loam — 

Lyndon  silt  loam 

Miami  stony  sand 

st4)ny  loam 

stony  sandy  loam. . . 

gravolly  sand 

gravollv  sandy  loam, 

sandy  loam 

clav  loam 


Rock  outcrop 

Whatcom  stony  loam 
Whatcom  silt  loam. . . 


Glacial  lake  and  river  terraces: 
Clyde  gravollv  sandy  loam. 

sandy  loam 

loam 


Muck  and  P(»at 

Snohomish  sand 

Snohomish  fine  sandy  loam 

Snohomish  silt  loam. 

Swamp,  Tidal  swamp  and  marsh 

Northwestern  intormountain  region: 

Columbia  silt  loam 

Gallatin  gravolly  loam 

loam 


.<4fr«. 


71,744 
23,488 
25,792 
33,600 
23.360 
184,320 
2,240 


5,952 
1,792 
1,216 


10.048 
3.3^)2 


.<4crf*. 

13.a56 
8, 128 
8,960 

16.640 

30,208 
5.696 

16,236 


364,544 

256 

28,606 

62,592 


8,960 
32,704 
21,50^1 

9,728 
16.192 

8,896 


26,688 


Acres. 


Otn^  in^ 


97,984 


—  13.440 


DISTRIBUTION    BY   STATES WEST   VIRGINIA;   WISCONSIN.      235 


Area  of  sails  surveyed  in  the  several  States,  arranged  in  provinces  and  series — Continued. 

WASHINGTON— Continued. 


Province  and  soil  name. 


Northwestern  intermountaln  region— Continued. 

Meadow 

Riverwash 

Walla  Walla  silt  loam 

Yakiina  stony  loam T 

fine  sand 

fine  sandy  loam 

silt  loam 


Pacific  coast: 

Coastal  beach 

Puget  fine  sandy  loam. . 

Puget  silt  loam 

Puget  clay 

Tidal  swamp  and  marsh. 


Area  of 

types  In 

series. 


Acres. 


8,960 

20,660 

149,580 

64,896 


Total  for 

series  and 

types. 


JLcres. 
15,060 
3,580 
23,360 


244,096 


2,624 

18,816 

22,080 

33,984 

320 


Total  for  State. 


Total  for 
province 
and  State. 


Acres. 


326,224 


77,824 


1,056,976 


WEST  VIRGINIA. 


River  flood  plains: 

Huntington  fine  sandy  loam, 
loam 


Meadow 

Tyler  silt  loam 

Wheeling  gravelly  loam . 

sandy  loam  . . 

silt  loam 


Piedmont  Plateau: 

Chester  loam 

Appalachian  Mountains  and  Plateau: 

Dekalb  stony  loam 

shale  loam 

sandy  loam 

loam 

silt  loam 

clay 


Melps  clay  loam 

Porters  clay 

Rough  stony  land  and  Steep  broken  land. 
Upshur  day 


Limestone  valleys  and  uplands: 

Brooke  clay  loam 

Ilagerstown  sandy  loam 

clay 


Total  for  State. 


A  cres. 
2,176 
32. 704 


Acres. 


3,712 

768 

2,816 


89, 152 
7,808 
1,920 
(K).608 
27, 136 
40, 76S 


1,216 
4,224 


34,880 

11,968 

3,008 


7,296 


227,302 

281,280 

192 

403,456 

16,064 


38,464 
5,440 


Acres. 


57,162 
4,160 


928,384 


43,904 


1,033,600 


WISCONSIN. 


River  floo<l  plains: 

Meadow 

Wabash  loam . . 


Glacial  and  loessial: 

Marshall  gravelly  loam . . 

sand 

loam 

silt  loam 

clay  loam 

black  clay  loam , 


Miami  stony  sand . 
stony  loam . 
grjtvel 


Acres. 


r 


24,064 

31,040 

3,20() 

102,208 

70. 528 

1,8.56 


17,r>3fj 

5,();?2 

15  104 


A cres. 
36,544 
29,632 


232,896 


Acres. 
66,176 
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Area  of  soils  surveyed  in  the  several  S totes  j  arranged  in  provinces  and  series — Continued. 

WISCONSIN-Continued. 


Province  and  soil  namn. 


Qlacial  and  loessial— Continued. 

Miami  sand 

flne  sand 

sandy  loam 

loam 

silt  loam 

clay  loam 


Portage  stony  sandy  loam . 

Portage  sandy  loam 

Portage  silt  loam 

Rock  outcrop 


Qlacial  lake  and  river  terraces: 

Clyde  fine  sandy  loam 

clay  loam 


Dunesand 

Dunkirk  fine  sandy  loam. 

Muck  and  Peat 

Sioux  sand 

sandy  loam 

silt  loam 


Superior  sandy  loam 
clay 


Total  for  State. 


WYOMING. 


Area  of 

types  in 

series. 


Acres. 
179.520 

16,256 
108.784 

84,736 
282,624 

31,040 


1,216 
12.224 


19,520 

59,840 

6.656 


14.208 
154,  (i88 


Total  for  !  ToUl  for 
series  and      province 
types.       and  Stat^. 


A.CTf8, 


831,232 

11.392 

9,792 

22,656 

2.240 


13.440 

512 

5,568 

206.576 


86,016 
168,896 


Acres. 


1,110,208 


483,  OOB 


l,6S9,:i92 


Great  Basin: 

lied  field  flne  sandy  loam. 
Gypsum 


Rocky  Mountain  valleys  and  plains: 

Billings  clay 

Laramie  gra vellv  loam 

sandy  loam 


Laurel  sandy  loam . 
Riverwash 


Total  for  State. 


A crea. 


19,200 
86,272 


Acres, 
42,624 
2,304 


16,064 


105,472 

29,440 

1,792 


Acres. 
44,928 


152,768 


197,606 
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CHANGED   SOIL   NAMES. 


The  following  list  gives  the  soil  names  in  published  reports  that  as 
a  result  of  subsequent  correlation  have  been  dropped.  In  the  first 
column  is  given  the  original  name ;  in  the  second,  tne  name  at  present 
used. 


Nome  as  published. 


Changed  to— 


Alton  fine  sandy  loam 

Alamance  silt  loam 

Allegan  black  clay 

AU^an  clay 

AU^an  fine  sandv  loom . . 

Allegan  gravelly  loam 

Allegan  sand 

Allegan  sandy  loam 

Allegan  stony  loam 

Almyra  silt  loam 

Alton  stony  loam 

Arkansas  nne  sandy  loam. 

Arkansas  loam 

Arroyo  Seco  sandy  loam.. 

Austin  clay 

Ayden  fine  sandy  loam . . . 

Benton  loam 

Billings  sandy  loam 

Boi3e  sandy  loam 

Caldwell  loam 

Caldwell  sandy  loam 

Cecil  mica  loam 

Chicopee  gravel  loam 

Clarksville  clay 

ClarksviUe  loam 

Colorado  adol)e 

Colton  stony  clay 

Connecticut  Meadow 

Connecticut  Swamp 

Dauphin  sandy  loam 

Davie  clay  loam 

Deer  Flat  sandy  loam 

Dekalb  clay  loam 

Delavan  silt  loam 

Donegal  gravellv  loam 

Durham  sandy  loam 

Edgemont  stony  loam 

E<lgerton  silt  Icmm 

Flkhom  silt  loam 

Elkton  clay 


Elmira  fine  sandy  loam , 

FMmira  shale  loam , 

Elmira  silt  loam 

Elsinboro  fme  sand 

Elsinore  sandv  loam 

Falrview  sandy  loam 

Fancher  sandy  loam 

Fargo  gravelly  loam 

Fanio  loam , 

Fort  Payne  clay 

Fort  Payne  loam 

Fort  Payne  stony  loam 

Fresno  gravel 

Fresno  gravelly  sand 

Fresno  red  sand 

Fullerton  sandy  adobe 

Galveston  coarse  sand,  sand,  and  fine  sand. 
Galveston  sandy  loam  and  clay 


Miami  fine  sand. 

Cecil  silt  loam. 

Clyde  loam. 

Miami  clay  loam. 

Miami  fine  sand. 

Miami  gravelly  sandy  loam;  Miami  giavelly  sand 

Miami  sand. 

Miami  sandy  loam. 

Miami  stony  loam. 

Crowley  silt  loam. 

Miami  stony  sandy  loam. 

Wabash  fine  sandy  loam. 

Laurel  loan. 

A^ai'icopa  gravelly  loam. 

Houston  clay. 

Norfolk  fine  sandy  loam. 

Houston  clay. 

Billings  fine  sandy  loam. 

Boise  silt  loam. 

Gallatin  silt  loam. 

Gallatin  fine  sandy  loam. 

Chester  mica  loam. 

Norfolk  gravelly  loam. 

Waverly  clay. 

Wabash  silt  loam. 

Colorado  loam  adobe;  Laurel  loam  adobe. 

Crawford  stony  clay. 

Meadow. 

Swamp. 

Dekalb  sandy  loam. 

Cecil  loam;  Cecil  fine  sandy  loam. 

Deer  Flat  fine  sandy  loam. 

Lickdale  clay  loam. 

Sioux  silt  loam. 

Norfolk  gravelly  loam. 

Cecil  sand. 

Dekalb  stony  loam. 

Miami  silt  loam. 

Wabash  silt  loam. 

Portsmouth  silt  loam  In  Mason  County,  Ky.;  and 
in  all  Maryland  areas  heretofore  surveyed,  and 
to  Klktonsilt  loam  in  Delaware  and  New  Jersej' 
areas. 

Wabash  loam. 

Dunkirk  shale  loam. 

Dunkirk  silt  loam. 

Norfolk  fine  sand. 

Elsinore  fine  sandy  loam. 

Marshall  sandy  loam. 

Stockton  fine  sandy  loam;  Ilanford  sandy  loam. 

Marshall  gravelly  loanvi 

Marshall  loam. 

Cones  toga  clay. 

Ilagerstow^n  loam. 

Clarksville  atony  loam. 

Ilanford  gravel. 

Maricopa  sand. 

vSan  Joaquin  sand. 

Plarentia  loam  adobe;  Placentia  sandy  adobe. 

Coastal  ))each. 

Tidal  swamp  and  marsh. 
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Name  as  published. 


Changed  to- 


Oamer  stony  loam 

Glendale  loess 

<jlenwood  loam 

Ooldsboro  compact  sandy  loam , 

Hagerstown  shale  loam 

Ilageratown  silt  loam 

Hanover  sand 

Ilartlord  sandy  loa::i 

Hempfleld  stony  loam 

Hempstead  gravelly  loam 

llemdon  stony  loam 

Hondo  meadows 

Houston  silt  loam 

Imperial  fine  sandv  loam 

Imperial  gravelly  foam 

Imperial  loam . .'. 

Imperial  silt  loam 

Janesville  loam 

JanesviUe  silt  loam 

Jordan  meadow 

Jordan  sandy  loam 

Kalamazoo  gravelly  loam 

Kaskaakia  loam 

Leonardtown  gravelly  loam 

Lincoln  sandy  loam 

Los  Angeles  sandy  loam 

Lufkin  clay  loam 

Mackinaw  gravel 

Maricopa  sandy  adobe 

Maricopa  stony  loam 

Mcl.«an  silt  loam 

Miami  black  clay  loam 

Miller  heavy  clay 

Monroe  fme  sandy  loam 

Murrill  sandy  loam 

Murrill  stonv  loam 

Norfolk  sandy  soil 

Oakland  sandy  loam 

Orangeburg  silt  loam 

Oswego  loam 

Pecos  gypsum 

Pecos  sand 

Piacentia  coarse  sandy  loam  — 

Plainwell  stony  loam 

Pocoson 

Porters  red  clay 

Portsmouth  clav 

Quinton  sandy  foam 

KeJfield  sandy  loam 

Rio  O  ran'le  loam 

Kio  Qrande  sandy  loam 

Roswell  sandy  loam 

Salem  loam 

Salem  sandv  loam 

Salinas  shafe  loam 

Salt  River  adobe 

Salt  River  gravel 

San  Gabriel  gravelly  loam 

San  Gabripl  gravelly  sand 

San  Gabriel  sandy  loam 

San  Jacinto  clay ." 

San  Joaquin  black  adobe 


San  Joaquin  red  adobe. 


Santiago  sandy  loam , 
Santiago  silt  loam . . . 


Savanna 

Se-lgwick  clay  loam  

Se  Igwick  gravelly  loam. 

Se  ig\viok  loam 

So  Igwick  sandy  loam . . . 

Selma  clay 

Selma  heavy  silt  loam. . 


Selma  silt  loam 

Shelby  clay 

Sierra'  adobe 

Sierra  loam 

Snake  River  sand 

Soledad  gravelly  sand.. 
Sturgis  line  sandy  loam. 

Snnnyside  sani 

Susquehanna  gravel 


Susquehanna  gravelly  loam. 

Glendale  clay  loain. 

Binghav.i  loam. 

Portsmouth  sandy  loam. 

Dekalb  shale  loar^i;  Volusia  silt  loam. 

Claiksville  silt  loam.  -* 

Miai  :i  sandy  loam. 

Merririac  sandy  loam. 

Cecil  stony  loom. 

Hempstead  loam. 

Porters  stony  loam. 

Meadow. 

Houston  loam. 

GUa  loam. 

Indio  gravelly  loam. 

Imperial  cUy  loam:  GUa.  clay  loam. 

Gila  silt  loaia. 

Sioux  silt  loam. 

Marshall  silt  loam. 

Meadow. 

Jordan  fine  sandy  loam;  Jordan  loam. 

Clyde  gravelly  sand. 

\\  abash  silt  loam. 

Leonardtown  loam. 

Laurel  fine  sandy  loam. 

Piacentia  loam. 

Lufkin  clay. 

Miami  gr&vel. 

Colorado  loarn  adobe;  Plaoentla  sandy  adobe. 

Bingham  stony  loam. 

Marshall  loan. 

Marshall  black  clay  loam. 

Miller  clay. 

Miller  fine  sandy  loam. 

Hagerstown  sandy  loam. 

Hagerstown  stony  loam. 

Norfolk  sandy  loam. 

Miami  fine  sandy  loam. 

Miller  silt  loan . 

Oswego  silt  loam. 

Gypsum. 

Gila  fine  sandy  loam;  GUa  fine  sand. 

Piacentia  sandy  loam,  i 

Miami  stony  sand. 

Swamp. 

Porters  clav. 

Portsmouth  loam. 

Norfolk  sandy  loam. 

Redfield  fine  sandy  loam. 

Laurel  clay  loam. 

Laurel  sandy  loam. 

Roswell  fine  sandy  loam. 

Salem  sUt  loam. 

Salem  fine  sandy  loam. 

Oxnard  gravelly  loam. 

Gila  clay. 

Rough  stony  land. 

Maricopa  gravelly  loam. 

Maricopa  gravelly  sand. 

Maricopa  sandy  loam. 

Houston  black  clay. 

Oxnard  clay  loam  adobe;  BiUings  clay;  Stockton 

clav  loam  adobe. 
San  Joaquin  clay  loam  adobe;  San  Joaquin  sandy 

adnl)e. 
Santiago  fine  sandy  loam. 
Hanford  clay  loam;    Gila  loam;  Oila  silt  loam; 

Gila  clay  loam;  Hanford  silt  loam;  Laurel  loom. 
Swa-'p. 

Marshall  sUt  loam;  Crawford  silt  loam. 
Crawford  gravelly  loam. 
Colorado  loam. 
Colorado  sandy  loam. 
Norfolk  clay. 
Ports'.nouth  sandy  loam;  Portsmouth  fine  sandy 

loam . 
Norfolk  sandy  loam. 
Sholby  loam. 

Sierra  sandy  adobe;  Piacentia  clay  loam  adobe. 
Sierra  loam  adobe. 
Yaki:Tia  fine  sand. 
Maricopa  gravelly  sand. 
Norfolk  fine  sandy  loam. 
Yftki'^'a  fine  sand. 
Norfolk  gravel. 


CHANGED  BOIL   NAMES. 
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Name  aa  publisbed. 

Changed  to~ 

Taiflwfjll  (lilt  l^am 

Miami  silt  loam. 

Triasslo  atony  loam 

Penn  stony  loam. 

Vf^mon  fliw  sand , 

Miller  fine  sand. 

Vemon  loam 

Vernon  silt  loam. 

Volusia  sandy  loam 

Volusia  loam. 

Waldo  loam 

Wabash  silt  loam. 

Walla  Walla  loam 

Walla  Walla  silt  loam. 

Warwick  sandy  loam 

Norfolk  coarse  sandy  loam. 

Westphalia  sand. . , ,   .  . 

Norfolk  fine  sand. 

Willis  sand 

Norfolk  fine  sandy  loam. 

Windsor  sand 

Norfolk  coarse  sand. 

Wlnnftbasro  sandy  loan* 

Marshall  sandy  loam. 
Gallatin  srrayeUy  loam. 

Yakima  irrayAliy  loam 

Yftkima  sandy  foam .....      

Yakima  silt  loam;  Yakima  loam;  Yakima  fine 

Yakima  stony  ftlav 

sandy  loam. 
Roueh  stony  land. 

Yazoo  clay 

Waverly  clay;  Crawford  clay:  Wal>aah  clay. 

Yasoo  heavy  clay 

Wabash  heavy  clay. 

Yazoo  silt  loam 

Wabash  silt  loam. 
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Page. 

Acadia  sUt  loam 113 

AUiseiay 147 

Allis  shale  loam 147 

Alloway  clay 113 

Amite  loam 113 

Amite  sandy  loam 113 

Anderson  series 192 

Austin  fine  sandy  loam 134 

Bammn  loam 148 

Bamum  stony  loam 148 

Bastrop  series 9C 

Beardenloam 161 

BellavistA  sandy  loam 205 

Belllnsham  silt  loam 148 

Benoit  fine  sandy  loam 161 

Benoitloam )ei 

Bemardstown  loam 148 

Billings  series 17« 

Bingham  series 109 

Biscoe  silt  loam 124 

Blanco  loam 124 

Btoomfield  sandy  loam 148 

Boise  loam 178 

Boise  silt  loam 178 

Bozeman  silt  ioam 178 

Bradley  sandy  loam 131 

Qrand3ni'ine  loam 131 

Brennan  fine  sandy  loam 124 

Bridger  series 174 

Brookeclay  loam 142 

Caddo  fine  sandy  loam 113 

Galcaefea  ifaie  sand 114 

Calcasieu  fine  sandy  loam 114 

Calcasieu  loam 114 

Calhoun  clay 124 

Cameron  clay 125 

Cardiff  slate  loam 131 

Carrington  clay  loam. 125 

Cassadaga  sand 148 

Catalpa  silt  loam 125 

CecU  series 128 

Chandler  stony  loam 136 

Chattooga  loam 125 

Chemung  stony  loam 136 

Chester  series 129 

Chesterfield  gravelly  sandy  loam 114 

Chesterfield  sandy  loam 114 

Clarksville  series 188 

Clinch  shale  loam 136 

Clyde  series 154 

Coastal  heach 1 1 7 ,  205 

CoUington  sandy  ioam 114 

Collins  silt  loam.  125 

Colorado  series* .  . 180 

Columbia  silt  loam 178 


Fage. 

Conestoga  day 142 

Conestoga  loam 142 

Congaree  series 118 

Conowingo  barrens 131 

Conowingo  clay 131 

Conway  silt  loam 136 

Crawford  series 165 

Crockett  series 97 

Crowley  silt  loam 114 

Cumberland  series 139 

Custer  loam 148 

Custer  silt  loam 148 

Davidson  loam 142 

Decatur  series 140 

Deer  Flat  fine  sandy  loam 178 

Dekalb  series 13S 

Derby  loam 168 

Dover  fine  sandy  loam 148 

Dover  loam 148 

Dunesand 117,162,187,205 

Dunkirk  series 155 

Durant  fine  sandy  loam 114 

Durant  sand 114 

Dutchess  silt  loam .* 140 

Dutchess  slate  loam 140 

Dutchess  stony  loam 1^ 

Elkton  series 96 

Ehnwood  loam 161 

Elsinore  fine  sandy  loam 173 

Elsinore  sand 173 

Enfield  sandy  loam 161 

Eppingclay. .   187 

Faigo  series 156 

Fayetteville  series 134 

Finney  series 181 

Fort  Collins  loam 186 

Fort  Payne  clay  loam 142 

Fort  Payne  sandy  loam 142 

Franklin  loam 125 

Frankstown  stony  loam 142 

Fresno  series 198 

Fruita  series 182 

Gadsden  series 98 

Oainesvllle  sand 114 

GaUatin  series J76 

Gannett  fine  sand 186 

Gasconade  silt  loam 168 

Gila  series 188 

Glendale  clay  loam 190 

Glenn  loam 115 

Glenn  sandy  loam 115 

Gloucester  loam 140 

Gloucester  stony  loam 149 

Gloucester  stony  sandy  loam 149 

Grainger  shale  loam 136 
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Pace 

OreeiiTiUe  flue  saxkdy  loam 116 

OzeenvUle  gravelly  sandy  loam 115 

QreenviUe  loam 116 

Orifflnday 125 

QulnsariM » 

Outhrieclay 142 

Outhrle  silt  loam 142 

Oypaum 173,  IM 

Hagentown  sarles 141 

Hammond  silt  loam 115 

Hanford  aerieB 103 

Harley  sandy  loam 115 

Hempstead  loam 115 

Hobartolay 149 

Holston  loam 136 

Holston  sUt  loam 137 

Hoiyoke  stony  loam 140 

Houston  series 99 

Hudson  series 157 

Huntington  series 1 19 

Imperial  series 138 

Indian  loam 137 

Indlo  series 190 

Iredell  olay  loam 131 

Jackson  loam 126 

Jordan  series 170 

Jttdsonloam 140 

Lacasine  olay  loam 115 

Lake  Charles  fine  sandy  loam 116 

Lake  Charles  loam 116 

Lamar  loam 116 

liani^aster  line  sandy  loam 136 

Landry  silt  loam 116 

Tiansdale  silt  loam 131 

Laramie  series 182 

Laredo  series 101 

Laurel  series 183 

Leon  line  sand 116 

Leon  sand 116 

Leonardtown  loam 116 

Lexington  silt  loam 140 

LIckdale  clay  loam 136 

Lickdale  stony  loam 136 

Lintonla  loam 125 

Lookport  clay 161 

Lomaltoday 125 

Loudoun  sandy  loam 131 

Lufkin  series 102 

Lynden  fine  sandy  loam 160 

Lyndon  gravelly  loam 150 

Lynden  sandy  loam 150 

Lynden  silt  loam 150 

McLeod  sand 101 

Madeland 150 

Madison  loam 150 

Malade  series 171 

Manchester  sandy  loam 162 

Mankato  loam 162 

Mankato  sand 162 

Mankato  sandy  loam 162 

Manor  loam 131 

Manor  stony  loam 131 

Marco  clay  loam 161 

Marco  fine  sandy  loam 162 

Maricopa  series 194 

Marion  sil t  loam 150 

Marsh 126,163,187 


Page. 

Marshall  series 144 

Meadow 125,173,178,191,204 

Melgsclayloam 136 

Memphis  silt  loam 160 

Merrlmao  series 15g 

Mesa  series 183 

Miami  series 145 

Millerseries 130 

Mobileoiay 116 

Moccasin  stony  clay 142 

Monroe  silt  loam 116 

Montavello  stony  loam 137 

Montrose  series 103 

Morrison  fine  sandy  loam 137 

Morrison  sand 136 

Morrison  sandy  loam 137 

Morse  clay 116 

Morton  series 134 

Muck 116, 135«  162,204 

Murrlll clay  loam.  142 

Myatt  series 104 

Neosho  silt  loam 125 

Neuseclay 125 

Newman  stony  loam 142 

Newton  fine  sand 163 

Norfolkseries 104 

Norman  day  adobe 204 

No  rth  Platte  loam 186 

OcUooknee  series 120 

Oktibbeha  series 106 

Orangeburg  series 107 

Orland  fine  sand 204 

Oriand  fine  sandy  loam 204 

Orman  day 187 

O  sgood  fine  sandy  loam 187 

Oswego  series 166 

Oznard  series 196 

Paris  loam 137 

Peat 116,125,163,204 

Pecos  conglomerate 191 

Pecos  sandy  loam 190 

Penn  series 130 

Pierre  clay 187 

Pierre  clay  loam 187 

Pilot  gravelly  loam 137 

Pilot  loam 137 

Plaoentia  series 196 

Podunk  fine  sandy  loam 162 

Podunk  silt  loam 162 

Point  Isabel  clay 125 

Portage  sandy  loam 151 

Portage  silt  loam 151 

Portage  stony  sandy  loam 151 

Porters  series 134 

Portsmouth  series 106 

Pugetday 204 

Paget  fine  sandy  loam 204 

Puget  silt  loam 204 

Radford  loam 142 

Redding  series 197 

Redfield  series 172 

Rhinebeck  loam 151 

Rio  Grande  silty  day 125 

Riverwash  ...  131, 137, 142, 151, 168, 173, 178, 187, 191 
Rockouterop .  131, 137. 142, 151, 168, 173, 178, 187, 191 

Roswell  fine  sandy  loam 190 

Roswell  loam 190 
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Pafei 
Rough  broken  land 131, 

137. 112, 151, 168, 173, 178, 187, 191 
Rough  stony  land 131, 

137, 142, 161, 168, 173, 178, 187, 191 

Saonunento  aeiles 196 

Saflozd  sUt  loam 151 

Saginaw  sandy  loam 162 

Salem  series 199 

Salinas  gmy  adobe 206 

Salt  Lake  series 172 

San  Antonio  day  loam 116 

Sanders  loam 126 

Sanders  silt  loam :....  126 

SandhiU 117,162,187,206 

San  Joaquin  series ^00 

San  Luis  series 185 

Santiago  fine  sandy  loam 205 

Santiago  loam x 206 

Saipy  olay  kMun 126 

Sassafras  series 109 

Saugatook  sand 162 

Sooria  gravel 187 

Soottsbuig  silt  loam 151 

Sedgwick  black  olay  loam 168 

Sharkeyclay 126 

Shelby  loam 151 

Shelby  sand 161 

Shelby  silt  kNun ^ 151 

Sheridan  sandy  loam 206 

Sierra  series .' 201 

Sioux  series 160 

Sites  series 202 

Snohomish  fine  sandy  loam 163 

Snohomish  sand 163 

Snohomish  sUt  loam 163 

Steep  broken  land 131, 

137, 142, 151, 168, 173, 178, 187, 191 

Stockton  series 202 

Snflleldclay 163 

Superior  series 159 

Susquehanna  series 110 

Swamp 117,126,163,187 

Talladega  slate  loam 137 


Page. 

Talladega  stony  loam 137 

Teller  fine  sand 126 

Teller  fine  sandy  loam 126 

Tidal  swamp  and  marsh 117,206 

Tishomingo  gravelly  sandy  loam 168 

Tonawanda  loam 163 

Toxaway  line  sandy  loam    126 

Toxawayloam 126 

Tiavis  gravelly  loam 117 

Tyler  sUt  loam 126 

Upshur  series 135 

Vale  line  sandy  loam 187 

Vale  gm velly  sandy  loam 187 

Vale  loam 187 

Viigennes  series 160 

Vemon  series 167 

Volusia  series 146 

Wabash  series 121 

Wadeseries 185 

Walla  Walla  sUt  loam 178 

Warners  loam 163 

Warsaw  sandy  loam 117 

Waverty  series 122 

Webb  series Ill 

Weber  fine  sandy  loam 173 

Whatcom  silt  loam 152 

Whatcom  stony  loam 152 

Wheatland  sand 152 

Wheatland  sandy  loam 152 

Wheeling  series 123 

WIckham  series 112 

Williams  loam 152 

Williams  stony  loam 162 

WUliston  gravelly  sandy  loam 163 

WiUiston  sandy  loam 163 

Willows  series 203 

Wilson  series 113 

Wordiam  sandy  loam 132 

Yakima  series 176 

Yaxooloam 126 

Yasoo  sandy  loam 126 

Yuma  sand 190 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agricitltuke, 

Bureau  of  Soils, 

Wa8hiri(/f<fn^  />.  T.,  September  JJ,  1908, 
Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
technical  paper  entitled  '"  The  Role  of  Oxidation  in  Soil  Fertility," 
by  Oswald  Schreiner  and  Howard  S.  Reed,  of  this  Bureau.  This 
article  embodies  the  results  of  work  carried  out  in  the  Bureau  and 
contains  important  information  on  some  little-understood  factors 
involved  in  the  study  of  soil  fertility.  The  facts  here  presented  em- 
phasize the?  beneficial  effects  of  tillage  and  other  practices  conducive 
to  thorough  aeration  of  the  soil,  although  the  present  study  has  been 
mainly  along  the  line  of  oxidation  processes  in  the  soil,  induced  by 
the  roots  of  growling  crops. 

The  oxidation  by  roots  of  crops  growing  in  the  soil  is  an  agent  in 
soil  improvement  which  has  until  recently  been  almost  overlooked. 
The  mild  but  effective  oxidation  produced  in  this  way  is  shown  to 
have  a  very  appreciable  effect  in  aiding  the  decomposition  of  organic 
matter  in  the  soil.  The  importance  of  the  organic  constituents  of  the 
soil,  as  shown  by  our  recent  investigations,  makes  these  results  es- 
pecially interesting,  and  the  material  throws  additional  light  upon  the 
question  of  soil  fertility.  In  accordance  with  your  suggestion  the 
manuscript  has  been  gone  over  carefully  w'ith  Assistant  Secretary 
Hays,  who  authorizes  me  to  state  that  he  concurs  in  my  recommenda- 
tion for  its  publication.  This  will  form  No.  56  in  the  series  of 
bulletins  of  the  Bureau  of  Soils. 

Respectfully,  Milton  Whitney, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  AgricuUure. 
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THE  ROLE  of  oxidation  IN  SOIL  FERTILITY. 


INTRODUCTION. 


Oxidation  is  one  of  the  most  important  processes  in  the  soil,  and 
Tvhile  well  recognized  in  the  practical  tillage  of  soils,  the  process 
itself  and  the  forces  which  tend  to  promote  oxidation  have  not  been 
w^ell  understood  nor  much  studied.  Oxidation  in  soils  may  be  pro- 
duced by  several  different  agencies,  among  which  are  the  following: 

Changes  brought  about  by  purely  chemical  processes  in  which  the 
oxygen  in  the  air  attacks  the  soil  compounds,  producing  higher 
oxidized  forms.  In  this  class  should  be  included  the  interaction 
between  chemical  individuals  of  the  same  kind,  resulting  in  the  oxida- 
tion of  one  at  the  expense  of  the  other — the  process  technically 
known  as  auto-oxidation.  To  this  also  should  be  added  the  influence 
of  agents  in  the  nature  of  fertilizers  which  have  oxidizing  proper- 
ties, such  as  manganese  or  ferric  compounds,  nitrates,  etc.,  as  well 
as  those  which  by  changing  the  reaction  of  the  soil  increase  the 
direct  oxidation  by  atmospheric  oxygen  and  oxidizing  agents,  which 
usually  takes  place  more  readily  under  alkaline  conditions.  The 
nascent  production  of  nitric  acid  in  the  soil  may  also  be  a  factor  in 
the  direct  chemical  oxidation  of  soil  compounds. 

Bacteria  and  the  oxidizing  enzymes  which  they  produce  are  known 
to  play  an  important  part  in  oxygen  fixation  in  soils,  especially 
those  relatively  rich  in  organic  matter,  although  the  chemistry  in- 
volved has  not  been  extensively  investigated  and  is  but  little  under- 
stood. 

The  plant  roots  and  the  oxidizing  enzymes  produced  by  them 
in  the  soil  constitute  other  agencies  of  oxidation  which  until  recently 
were  almost  overlooked  and  even  unknown.  The  mild  but  effective 
oxidation  produced  in  this  way  by  the  roots  of  the  growing  crops  and 
enzymes  in  the  soil  has  a  very  appreciable  effect  in  altering  some  of 
the  soil  constituents,  and  thus  influencing  soil  fertility,  through  the 
action  of  added  fertilizers  and  systems  of  rotation  on  this  oxidizing 
power. 

The  present  paper  ^  embodies  a  series  of  studies  upon  the  oxidizing 
powers  of  plant  roots  grown  in  aqueous  extracts  of  soils  and   in 

^  The  authors  wish  to  acknowledge  the  .valuable  assistance  rendered  by  Mr. 
J.  J.  Skinner,  of  this  Bureau,  in  carrying  out  many  of  the  experiments  reported 
in  this  bulletin. 
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solutions  of  various  compounds.  The  results,  it  is  believed,  throw 
some  light  on  the  action  of  plants  upon  the  soil  and  indicate  how 
soil  conditions  affect  certain  function  s  of  the  plant.  Recent  work 
in  soil  fertility  has  shown  that  in  many  cases  the  constituents  of  soil 
and  of  fertilizers,  in  addition  to  furnishing  plant  nutrients,  perform 
a  variety  of  other  functions.  These  studies  show  the  influence  of 
constituents  of  soil  and  of  fertilizers  upon  the  important  function  of 
oxidation. 

THE  ROLE  or  OXIDATION  IN  PROMOTING  CHEMICAL  CHANGES  IN  SOILS. 

The  experiments  which  are  presented  in  this  paper  show  that 
plant  roots  are  able  to  carry  on  active  extra-cellular  oxidation,  chiefly 
by  means  of  the  enzymes  which  they  secrete.  From  the  standpoint 
of  root  excretions  the  study  is  of  interest  because  it  has  often  been 
supposed  that  the  roots  of  growing  plants  excrete  organic  and  inor- 
ganic acids  which  aid  in  the  solution  of  soil  minerals.  The  idea 
undoubtedly  owes  its  prevalence  largely  to  the  experiments  of 
Liebig"  and  of  Sachs,*  which  demonstrated  the  corrosion  of  polished 
marble  plates  by  growing  plants.  The  more  recent  investigations 
upon  the  subject  made  by  Czapek,*'  Kosso witch,**  and  Kunze**  have 
shown,  however,  that  very  little  acid  is  excreted  by  the  roots  of  the 
higher  plants,  and  that  the  results  of  the  earlier  workers  were  mainly 
due  to  the  action  of  carbon  dioxide.^ 

Although  the  solvent  action  of  the  roots  upon  soil  constituents  as 
a  result  of  the  acids  secreted  is  slight,  if  any,  this  oxidizing  power 
gives  them  an  important  action  upon  the  soil.  "WTiether  they  have 
the  power  to  oxidize  the  inorganic  constituents  of  the  soil  remains  to 
be  determined;  but  it  has  been  shown  that  they  are  able  to  oxidize 
organic  substances,  such  as  the  chromogens  employed  in  these  experi- 
ments, at  a  fairly  rapid  rate.  If  these  substances  are  oxidized  it  is 
only  logical  to  conclude  that  the  organic  substances  occurring  in  the 
soils  are  also  oxidized  by  the  action  of  plant  roots. 

In  the  light  of  this  oxidizing  power,  certain  relations  of  plants  to 
organic  materials  in  the  soil  become  of  the  highest  interest.  The 
toxicity  of  certain  organic  compounds  has  been  shown  by  the  writers  o 
to  be  materially  decreased  by  the  addition  of  sodium  nitrate  or  cal- 

«Aim.  Clieiu.  Pharm.,  105,  139  (1858). 

»Rot.  Ztff.,  18,  117  (1860). 

<^  Jahrb.  wiss.  Hot.,  29,  321  (1896). 

<*Aim.  Sci.  Agron.  [2],  8  (1),  220  (19a3). 

^Jahrb.  wiss.  Bot.,  42,  357   (1906). 

f  l\\  this  connection  also  see  the  recent  work  of  Stoklasa  and  Ernest,  Jahrb. 
wiss.  Bot.,  46,  55  (1908). 

fi' Jour.*  Am.  Chem.  Soc.,  80,  85  (1908) ;  Bui.  40,  Bureau  of  Soils,  IT.  S.  Dept, 
Agr.,  1907. 
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cium  carbonate  to  the  cultures  in  which  plants  were  grown.  It  was 
found  that  the  toxicity  of  a  vanillin  solution  was  somewhat  decreased 
when  calcium  carbonate  was  allowed  to  remain  in  contact  with  it 
for  ten  days;  but  a  similar  action  was  not  observed  when  sodium 
nitrate  was  used  in  the  same  way.  Also,  when  a  preliminary  set  of 
plants  was  grown  in  solutions  of  certain  compounds  the  activities  of 
the  plant  roots  were  able  to  decrease  the  toxicity  to  a  certain  extent, 
provided  the  original  concentration  of  the  solution  was  not  fatal  to 
the  plants.  The  preliminary  set  of  plants  undoubtedly  absorbed  and 
removed  some  of  the  toxic  material  from  the  solution,  but  the  greatly 
diminished  toxicity  of  the  solutions  as  well  as  the  formation  of  dye- 
stuffs  indicated  that  other  changes  had  taken  place.  The  greatest 
decrease  in  toxicity  was  obtained  when  sodium  nitrate  or  calcium 
carbonate  was  added  to  the  toxic  solution  at  the  time  of  installing 
the  preliminary  set  of  plants.  In  other  words,  the  activity  of  the 
plant  roots  working  in  the  presence  of  the  inorganic  salts  was  able  to 
accomplish  far  more  in  the  amelioration  of  toxic  conditions  than  either 
agent  taken  singly  could  do.  Upon  further  investigation  it  was  found 
that  the  toxic  compounds  were  entirely  absent  after  the  plants  had 
grown  in  solutions  to  which  the  sodium  nitrate  and  calcium  carbonate 
had  been  added,  while  fairly  large  amounts  were  present  in  corre- 
sponding solutions  in  which  plants  had  been  grown  a  similar  length 
of  time,  out  without  the  addition  of  the  inorganic  salts. 

In  the  light  of  the  data  presented  in  this  paper  showing  the  power 
of  sodium  nitrate  and  calcium  carbonate  to  increase  the  oxidizing 
power  of  plants,  the  ameliorating  influence  of  these  salts  as  shown  in 
the  previous  work  is  made  more  intelligible.  It  would  seem  from 
these  data  that  the  amelioration  observed  is  largely  to  be  referred  to 
the  increased  oxidizing  power  of  the  plants  caused  by  the  addition 
of  the  inorganic  salts,  especially  since  it  has  been  shown**  that  the 
highly  oxidized  form  of  certain  toxic  compounds  are  less  likely  to  be 
injurious  than  the  less  oxidized  forms. 

The  beneficial  effects  of  processes  which  involve  oxidation  have 
been  well  shown  in  the  publication  cited  by  the  effects  of  neurine, 
choline,  and  betaine.  Neurine,  which  is  very  toxic  to  wheat  plants, 
contains  the  ethylene  group  Choline,  which  is  less  injurious  than 
neurine,  contains  the  ethyl  instead  of  the  ethylene  group  and  has  one 
carbon  atom  oxidized  to  the  primary  alcohol  stage.  Betaine,  which 
is  nontoxic,  shows  still  more  oxidation  by  having  the  alcohol  group 
oxidized  to  carboxyl,  with  subsequent  splitting  off  of  water. 

Another  example  of  the  beneficial  effect  of  oxidation  may  be  cited 
from  the   publications  already  mentioned.     It   was  shown   that   a 

«  Schrelner  and  Reed,  Bot.  Gaz.,  45,  73  (1908) ;  Bui.  47,  Bureau  of  Soils, 
U.  S.  Dept.  Agr.,  1907. 

04976— Bull.  56—09 2 
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tyrosine  solution  lost  its  injurious  properties  upon  long  standing  with 
exposure  to  the  air,  the  solution  becoming  dark  colored  by  oxida- 
tion. The  changes  wrought  seemed  to  be  the  same  as  those  produced 
by  the  action  of  tyrosinase*,  which  oxidizes  tyrosine  to  homogentisic 
acid  and  then  to  several  dark-colored  compounds.  AMien  plants  were 
grown  in  this  oxidized  solution  it  was  found  that  the  injurious  prop- 
erties of  the  tyrosine  had  not  only  disappeared,  but  that  the  solution 
was  actually  beneficial  to  plant  growth. 

These  results  are  believed  to  have  importance  in  explaining  the 
value  and  action  of  the  so-called  green  manure  used  in  agricultural 
practice.  When  green  manures  are  first  applied  to  the  soil,  they 
may  exert  a  slightly  injurious  effect,  but  after  time  enough  has  elapsed 
for  the  oxidation  and  decomposition  of  the  vegetable  matter  the  crop 
shows  a  beneficial  effect  resulting  from  the  action  of  these  products 
of  oxidation  and  decomposition. 

While  it  would  be  presumptuous  to  assume  that  decrease  in  toxic 
action  always  accompanies  the  introduction  of  oxygen  into  organic 
compounds,  it  is  undoubtedly  true  that  in  a  number  of  cases  the  more 
highly  oxygenated  compounds  are  less  toxic  than  those  containing 
less  oxygen. 

This  oxidation  of  organic  compounds  is  of  additional  interest  in 
the  light  of  recent  investigations,  which  show  that  the  cause  of 
unproductivity  in  certain  soils  is  due  to  the  presence  of  harmful  or- 
ganic compounds."  The  productivity  of  such  soils  may  be  improved 
by  the  removal  of  these  harmful  compounds.  Tlie  beneficial  effects  of 
oxidation  in  such  soils  may  be  inferred  from  the  results  of  thorough 
tillage,  involving  subdrainage  and  cultivation,  since  these  operations 
promote  aeration  of  the  soil  with  subsequent  increase  in  growth  of 
roots  and  microorganisms.  Under  such  conditions  experience  has 
shown  that  the  organic  substances  in  the  soil  are  most  completely  con- 
verted into  substances  commonly  known  as  humus.  It  is  certain  that 
the  oxidizing  activities  of  the  soil  and  plant  play  a  significant  part  in 
this  important  process. 

From  our  present  knowledge  of  the  conditions  that  are  necessary 
for  the  maintenance  of  fertility  in  agricultural  soils  it  appears  that 
the  process  of  oxidation  plays  an  important  part  in  maintaining 
productivity.  Part  of  the  oxidation  in  the  soil  is  undoubtedly  accom- 
plished by  the  activity  of  microorganisms,  but  the  growing  plant  roots 
are  also  a  factor.  It  must  be  left  to  future  investigations  to  delineate 
the  exact  course  of  changes  which  the  oxidation  produces.  Enough 
evidence  is  at  hand,  however,  to  demonstrate  that  maintenance  of  the 
most  favorable  soil  conditions  requires  the  oxidation  of  the  organic  soil 

».Tour  Am.  Olumi.  Sot-.,  80,  129."),  151)0   (lOOS);  Buls.  ;J0.  40,  53,  Bureau  of 
Soils,  U.  S.  I)ei)t.  Agr. 
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constituents  to  a  comparatively  high  stage  of  oxidation.  The  benejfi- 
cial  effects  of  oxidation  are  well  illustrated  by  the  case  of  the  organic 
bodies,  neurine,  choline,  and  betaine,  and  by  that  of  tyrosine.  The 
same  relations  hold  for  inorganic  bodies,  as  illustrated  by  the  fact 
that  elements  like  nitrogen,  phosphorus,  and  sulphur  are  suitable  for 
nutrients  only  when  present  in  the  form  of  nitrates,  phosphates,  and 
sulphates;  the  nitrites,  sulphites,  and  phosphites  being  toxic.  In 
this  connection  it  is  extremely  interesting  to  note  the  conditions 
under  which  animal  toxins  have  been  foimd  to  arise  and  in  turn 
become  nontoxic.  Vaughan  and  Novy  state : «  "It  would  seem,  as 
Brieger  has  already  pointed  out,  that  a  certain  quantity  of  oxygen 
is  necessary  to  the  formation  of  poisonous  bases.  Free  supply  of 
oxygen,  on  the  other  hand,  invariably  yields  nontoxic  ptomains." 

PREVIOUS   WORK. 

The  existence  of  an  oxidation  process  in  soils  has  long  been  known. 
Without  apparently  understanding  the  precise  cause  of  this  phenom- 
enon, Liebig  pointed  out  its  importance  for  productive  soils,  and,  ac- 
cording to  the  same  author,  the  phenomenon  had  been  earlier  investi- 
gated by  Ingenhouss  and  De  Saussure. 

Deherain  and  Demoussy,''  in  studying  the  process  of  oxidation  of 
the  organic  matter  in  several  soils,  found  that  oxygen  was  always 
taken  up  and  carbon  dioxide  set  free.  The  oxidation  was  attributed 
by  the  authors  to  the  activity  of  micro-organisms  and  to  regular 
chemical  action,  with  rather  strong  indications  that  the  chemical 
action  was  due  to  enzymes. 

WoUny  ^  studied  the  rate  of  oxidation  by  estimating  the  amount 
of  carbon  dioxide  produced  by  100  grams  of  soil  in  a  given  time  at  a 
constant  temperature.  The  oxidation  was  by  him  attributed  mainly 
to  the  activity  of  micro-organisms.  His  results  confirm  those  of 
Deherain  and  Demoussy  and  in  addition  showed  that  the  presence  of 
antiseptics,  like  mercuric  bichloride,  phenol,  thymol,  etc.,  decreased,  if 
not  inhibited,  the  process  of  oxidation.  The  processes  of  oxidation 
resulting  in  nitrification  and  the  production  of  carbon  dioxide  were 
favored  by  slightly  alkaline  conditions,  such  as  those  secured  by  the 
addition  of  lime.  The  oxidation  processes  were  retarded  by  the  ad- 
dition of  chlorides  and  sulphates  to  the  soil,  but  were  favored  by  the 
addition  of  phosphates  and  nitrates. 

Russell  ^  has  used  an  improved  method  for  studying  the  problems 
attacked  by  the  preceding  investigators.     He  has  shown  that,  gen- 

«  Cellular  Toxins,  p.  248,  Philadelphia,  19()2. 
»Ann.  agron.,  22,  305  (1896). 

^  Die  Zersetzung  der  organischeii  Stoffe  iind  die  Humiisblldungen,  Heidelberg, 
1897. 

^  Jour.  Agr.  Sci.,  1,  261  (1905). 
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erally  speaking,  the  rate  of  oxidation  is  higher  in  fertile  soils  than 
in  infertile  soils,  in  the  surface  soil  than  in  the  subsoil.  The  rate  of 
oxidation  was  found  to  increase  with  the  temperature,  the  amount  of 
water  (up  to  a  certain  point),  and  the  amount  of  calcium  carbonate. 
The  observed  disappearance  of  oxygen  and  formation  of  carbon  di- 
oxide was  attributed  to  the  action  of  micro-organisms. 

In  a  subsequent  piece  of  work,  Darbishire  and  Bussell  ^  have 
studied  the  effects  of  partial  sterilization  upon  the  oxidation  by 
the  soil.  They  found  that  heating  the  soil  to  100°  C,  or  treatment 
with  volatile  antiseptics,  which  were  subsequently  removed,  led  to  a 
marked  increase  in  the  amount  of  oxygen  absorbed.  The  increased 
oxidation  was  attributed  to  the  removal  of  organisms  which  formerly 
competed  with  the  oxidizing  organisms  without  on  their  own  part 
being  beneficial  to  oxidation. 

If  the  increased  oxidation  and  increased  plant  growth  are  primarily 
the  result  of  the  removal  of  certain  microorganisms  it  is  still  difficult 
to  see  why,  in  their  experiments  of  partial  sterilization  with  copper 
sulphate  and  mercuric  chloride,  decreased  oxidation  was  observed  in 
some  soils  and  irregular  increases  in  others.  It  is  just  as  probable  that 
the  favorable  influence  on  oxidation  and  plant  growth  are  due  to  the 
destruction  of  toxic  organic  compounds  which  previously  retarded 
both  plant  growth  and  oxidation,  whether  by  microorganisms, 
enzymes,  or  other  vital  agencies.  This  assumption  is  certainly  in 
harmony  with  the  results  obtained  by  Nobbe  and  Eichter  ^  by  treating 
the  soil  with  ether,  carbon  bisulphide,  chloroform,  and  benzene,  and 
they  themselves  reject  the  idea  of  amelioration  through  the  action  of 
these  compounds  on  microorganisms. 

In  connection  with  observations  that  oxidation  in  the  soil  is  due  to 
the  activities  of  microorganisms,  it  is  important  to  note  that  recent  bac- 
teriological investigations ''  have  demonstrated  that  certain  soil  bac- 
teria under  anaerobic  conditions  wdll  oxidize  hydrogen.  Interesting 
in  this  connection  is  also  the  work  of  Potter''  in  showing  a  slow 
oxidation  of  amorphous  carbon  by  bacteria.  Chodat  *"  has  adduced 
evidence  that  the  important  action  of  nitrifying  bacteria  is  largely, 
if  not  entirely,  a  process  of  oxidation  by  means  of  the  nitroxidase 
which  they  produce. 

On  the  other  hand,  there  have  been  put  forth  some  facts  which 
indicate  that  part  of  the  oxidation  may  be  brought  about  by  enzymes. 

«  Jour.  Agr.  Sci.,  2,  305  (1907). 
&Landw.  Vers-Stat.,  60,  433  (1904). 

'^Kaserer,  Centralbl.  Bakt.  (2),  16,  aSl,  769  (190(5)  ;  Nabokich  and  I^ebedeflf, 
Ibid.  (2),  17,  350  (1906)  ;  Niklewski,  ibid.  (2),  20,  409  (1908). 
''Proc.  Roy.  Soc,  B,  80,  239  (1908). 
<^Bul.  Herb.  Boissier  (2),  6,  512  (1J)0C). 
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Woods®  found  evidence  that  oxidase  and  peroxidase  were  present 
in  tlie  soil.  Cameron  and  Bell  ^  reported  that  many  soils  when 
shaken  with  an  alcoholic  solution  of  guaiac  gave  the  blue  color 
characteristic  of  oxidases. 

Recent  studies  by  Konig^  furnish  evidence  of  a  catalytic  power 
of  soils  due  to  the  presence  of  an  enzyme.  He  found  that  the  differ- 
ent soils  tested  had  the  ability  to  liberate  oxygen  from  hydrogen 
peroxide  in  addition  to  giving  a  blue  coloration  to  a  solution  of 
paraphenylene  diamine.  This  action  was  almost,  if  not  entirely,  de- 
stroyed by  treating  the  soil  with  hydrocyanic  acid,  chloroform,  and 
by  dry  or  moist  heat.  The  soils  which  were  richest  in  humus  had 
the  greatest  power  to  decompose  hydrogen  peroxide.  Konig  assumes 
that  there  is  some  catalvtic  action  due  to  the  colloidal  substances 
present  in  the  soil,  since  even  the  treatment  with  heat  and  hydro- 
cyanic acid  did  not  entirely  inhibit  the  decomposition  of  hydrogen 
peroxide.  In  support  of  this  assumption,  Konig  showed  that  the 
sesquioxides  of  manganese,  iron,  and  chromium  are  able  to  effect 
a  material  production  of  oxygen  from  hydrogen  peroxide,  but  other 
substances  like  apatite,  feldspar,  oxides  of  zinc,  cadmium,  and  cal- 
cium, however,  did  not  attack  hydrogen  peroxide. 

The  literature  dealing  with  the  oxidizing  power  of  plant  juices  is 
already  voluminous.  Within  recent  years  our  knowledge  of  processes 
going  on  within  the  plant  has  been  greatly  extended  by  the  studies 
which  have  been  made  upon  oxidizing  enzymes.  Since  several  com- 
prehensive and  instructive  summaries  of  work  on  this  subject  have 
appeared,  among  which  may  be  mentioned  those  of  Bach  and  of 
Czapek's  Biochemie,  it  is  unnecessary  in  the  present  paper  to  review 
in  detail  what  has  been  done  in  this  rapidly  developing  field. 

The  study  of  the  oxidizing  enzymes  which  are  given  off  by  the  roots 
of  plants — i.  e.,  extra-cellular  oxidation — has  received  less  attention, 
and  it  is  to  this  particular  field  that  the  present  study  belongs. 

Molisch  *  appears  to  have  been  the  first  to  demonstrate  the  oxidizing 
power  of  root  secretions  and  to  show  their  enzymatic  nature.  He 
found  that  the  root  secretion  was  capable  of  oxidizing  various  organic 
substances,  such  as  guaiacol,  pyrogallol,  gallic  acid.  His  work  showed 
that  there  was  considerable  active  secretion  on  the  surface  of  growing 
roots  and  that  this  secretion  had  definite  powers  to  effect  changes  in 
organic  substances. 

Czapek  <^,  in  making  a  general  study  of  root  secretions,  followed 
some  of  the  investigations  made  previously  by  Molisch.    From  experi- 

«Centralbl.  ftir  Bakt.  (2)  6,  745  (1899) ;  Bui.  18.  Bureau  of  Plant  Industry, 
U.  S.  Dept.  of  Agr.,  1902. 
^  Bui.  30,  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  1905. 
<^Landw.  Ver8.-Stat.,  68,  471  (1906)  ;  66,  401  (1907). 
*  Sitzungsber.  Akad.  wlss.  Wien.    Math.  nat.  Kl.,  96,  84  (1H88). 
c  Jahrb.  wlss.  Bot.,  29,  321  (1896). 
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ments  upon  the  action  of  seedling  roots  upon  starch  paste  and  sugar 
solutions,  he  regarded  it  probable  that  the  growing  roots  produce 
only  diastase  or  inverting  ferments,  although  exact  proof  could  not 
be  offered.  He  believed,  however,  that  the  experiments  of  Molisch 
failed  to  prove  the  production  of  oxidizing  enzymes  by  roots. 

Subsequent  work  by  Czapek  "  establishes  the  existence  of  an  intra- 
cellular oxidase  in  the  roots  of  Vicia  seedlings.  It  was  found  that 
"  a  short  time  after  the  beginning  of  geotropic  induction  there 
appears  a  retardation  of  the  normal  destruction  of  tyrosine,  to  be 
recognized  by  an  accumulation  of  homogentisic  acid.*'  The  cause 
of  this  retardation  is  attributed  to  the  development  of  a  specific  anti- 
oxidase  which  inhibits  the  normal  activity  of  the  oxidase  of  the 
root  tip.  In  normally  growing  roots  the  action  of  the  oxidase 
appears  to  play  a  very  definite  role  in  the  intra-cellular  activities. 

The  ideas  of  the  oxidizing  powers  of  roots  set  forth  by  Molisch  are 
well  corroborated  by  the  investigations  of  Raciborski^  upon  the 
oxidizing  powers  of  plant  tissues. 

In  his  work  reagents  were  used  which  were  so  nearly  nontoxic  that 
they  could  be  added  to  solutions  in  which  plants  were  grown.  In 
some  experiments  the  reagents  were  added  to  water  cultures  con- 
taining the  growing  plants;  in  others,  strips  of  filter  paper  which  had 
been  saturated  with  the  reagent  were  applied  to  the  surface  of  grow- 
ing roots.  The  substances  used  for  showing  the  oxidizing  power  of 
growing  roots  were  alpha-naphthylamine,  benzidine,  phenolphthalin, 
ferrous  ammonium  sulphate,  Barbadoes  aloes,  guaiac,  phloridzin,  pyro- 
gallol,  leucomethylene  blue,  etc. 

The  extracellular  oxidation  by  the  roots  of  the  phanerogams 
studied  was  found  to  be  strongly  localized  and  limited  to  the  absorb- 
ing surface  of  the  root.  The  most  intensive  oxidation  occurs  in  the 
region  covered  by  the  root  hairs.  After  the  death  of  the  root  hairs, 
as  the  root  grows  older,  the  oxidation  becomes  weaker  (as  shown  by 
the  less  intense  coloration)  and  vanishes  in  basipetal  order.  The 
short  growing  zone  of  the  root  between  the  root  cap  and  the  region 
of  root  hairs  shows  very  little,  if  any?  oxidation.  The  cells  of  the  root 
cap  behaved  differently  in  different  plants.  In  some  there  was  a 
very  weak  oxidizing  power,  insignificant  in  comparison  with  that  of 
the  absorbing  region  of  the  root ;  in  other  plants  the  root  cap  showed 
no  power  to  oxidize.  This  observation  is  the  more  interesting  because 
Pfeffer  ^  regarded  the  experiments  of  Molisch  to  lack  proof  that  the 

«Jahrb.  wiss.  Bot.,  48,  145,  301  (1906).  For  a  concise  summary  and  bibli- 
ography of  the  articles  describing  this  work,  see  Czapek,  Ann.  of  Bot.,  19, 
75  (1905). 

&  Bui.  Acad.  Sol.  Cracovle,  1905.  pp.  338,  668,  693. 

^Abhandl.  kCm.  silch.  Ges.  Wlss.,  Leipzig,  Math.  phys.  KK,  15,  375  (189). 
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guaiac-bluing  power  was  due  to  living  cells  and  not  to  the  dead  or 
dying  cells  of  the  root  cap. 

The  oxidation  which  occurred  in  naphthylamine  and  benzidine 
solutions  first  appeared  on  the  outer  surfaces  of  the  walls  of  the 
root  hairs  anid  epidermal  cells,  later  in  the  wall  itself,  and  finally  in 
the  outer  layer  of  the  ectoplasm.  AATien  roots  were  left  for  a  long 
time  in  a  solution  of  these  chromogens,  the  entire  protoplasm  of  the 
epidermal  cells  and  root  hairs  gradually  assumed  the  dark  color  of 
the  oxidized  chromogen,  although  it  was  not  determined  whether  this 
color  was  due  to  the  diffusion  inward  of  the  dye  formed  at  the 
surface  or  to  an  actual  intracellular  oxidation. 

MATERIAL  AND   METHODS. 

The  experiments  described  in  succeeding  pages  consisted  in  study- 
ing the  oxidizing  power  of  wheat  plants  grown  under  various  con- 
ditions in  connection  with  soil-fertility  investigations.  It  was  neces- 
sary to  grow  the  wheat  plants  used  for  experimentation  in  solutions, 
since  in  such  cultures  it  is  possible  to  observe  the  oxidation  without 
disturbing  the  roots.  For  the  study  of  soil  conditions  an  aqueous 
extract  was  made  by  stirring  1  part  soil  with  5  parts  distilled  water 
for  three  minutes  and  filtering  after  thirty  minutes  through  a  Pas- 
teur-Chamberland  ^Iter  tube.  It  has  been  found  that  soil  extracts 
prepared  in  this  manner  possess  a  plant-producing  power  similar  to 
that  of  the  soil  from  which  they  were  made.  In  other  words,  fertile 
soils  yield  extracts  which  promote  good  plant  growth,  and  infertile 
soils  give  extracts  producing  poor  plant  growth.  The  effect  of  fer- 
tilizers was  studied  by  adding  pure  salts  to  the  soil  extract.  In  other 
cases  where  the  action  of  certain  salts  was  being  studied,  the  plants 
were  grown  in  dilute  solutions  of  those  salts. 

The  water  used  in  making  solutions  and  soil  extract  was  the  ordi- 
nary laboratory  distilled  water  treated  with  carbon  black.  The  water 
was  distilled  from  a  copper  boiler,  condensed  in  a  block  tin  worm 
and  collected  in  a  tin-lined  copper  tank.  This  method  of  distilla- 
tion gives  very  good  water  for  ordinary  chemical  work,  but  does  not 
free  it  from  traces  of  volatile  organic  compounds  which  may  exert 
a  harmful  action,  as  was  described  by  Livingston  <*  and  the  writers.* 
It  has  been  found  that  these  deleterious  substances  may  be  efTectually 
removed  by  treating  the  distilled  water  with  some  finely  divided 
solid  which  possesses  a  strong  absorbing  power,  such  as  ferric  hydrate, 
or  carbon  black.  The  procedure  usually  followed  was  to  shake  up  a 
small  quantity  of  the  carbon  black  in  the  water  and  allow  it  to  stand 
for  thirty  to  sixty  minutes.    At  the  expiration  of  that  time  the  water 

•Bui.  36,   Bureau   of  Soils,   U.   S.   Dept.  Agr.,   1907. 
*Bul.  40,   Bureau  of  Soils,   U.   S.   Dept.  Agr.,  1907. 
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was  filtered  through  ordinary  filter  paper  and  was  ready  for  use. 
This  treatment  has  been  found  to  be  as  efficient  in  producing  physio- 
logically pure  water  as  redistillation  with  strong  oxidizing  agents 
like  acid  potassium  bichromate  or  alkaline  potassium  permanganate. 

The  varieties  of  wheat  used  in  the  experiments  were  "  Chul "  and 
"  Harvest  Queen."  The  seeds  were  germinated  on  floating  perforated 
plates,  according  to  the  method  described  by  Livingston,"  and  in 
Bulletin  40  of  this  Bureau.  The  seedlings  were  transferred  from 
the  perforated  germinating  plates  to  the  cultures  just  as  the  first 
true  leaf  was  beginning  to  emerge  from  its  sheath. 

The  plants  were  held  in  notches  cut  in  the  edge  of  a  cork,  as  de- 
scribed by  Livingston.  In  this  way  the  seeds  in  which  enzymes  were 
acting  upon  reserve  food  materials  were  kept  out  of  the  solutions  and 
the  enzyme  effects  observed  were  ascribable  to  those  from  the  roots. 

Salt-mouth  bottles,  having  a  capacity  of  250  c.  c,  were  used  as  cul- 
ture jars  and  10  wheat  plants  were  grown  in  each  jar.  In  each  test 
two  cultures  containing  20  wheat  plants  were  usually  employed, 
and  comparison  was  made  with  an  equal  number  of  plants  growing 
in  pure  distilled  water  under  the  same  conditions.  All  experiments 
were  conducted  in  a  greenhouse.  During  the  season  of  the  year  in 
which  conditions  were  most  favorable  for  growth,  each  experiment 
was  continued  for  eight  to  twelve  days  before  studying  the  oxidizing 
action  of  the  plants,  but  during  the  cloudy  winter  weather  the  time 
was  sometimes  extended  to  fourteen  or  sixteen  days. 

In  addition  to  determining  the  oxidizing  power  of  the  plants  sub- 
jected to  various  treatments,  their  growth  was  estimated  by  recording 
the  green  weight  and  transpiration  of  each  culture.* 

SUBSTANCES  CAPABLE  OF  SHOWING  THE  OXIDIZING  POWER  OF  BOOTS. 

• 

Two  classes  of  substances  have  been  found  useful  in  showing  the 
oxidizing  power  of  plant  roots  in  solution  cultures.  The  first  class 
comprises  certain  soluble  chromogens  which  yield,  upon  oxidation  by 
the  plant  roots,  insoluble  colored  compounds  mainly  deposited  upon 
the  surface  of  the  roots.  The  oxidation  is  usually  rapid  enough  to 
produce  marked  results  before  the  surface  extension  of  the  roots 
disturbs  the  zonal  distribution  of  the  colors.  The  second  class  of 
chromogens  consists  of  certain  substances  which  give  soluble  color- 
ing matters  as  the  result  of  the  oxidizing  action  of  the  roots.  The 
oxidizing  action  may  be  shown  by  the  change  from  a  colorless  to 
a  colored  compound  or  by  a  change  from  one  color  to  another  and 
distinctly  different  color. 


«  Livingston,  Plant  World,  9,  13  (1906). 

^For  a  discussion  of  the  value  of  these  criteria  the  reader  is  referred  to 
Livingston,  Bot.  Gaz.,  40,  178  (1905)  ;  Jensen,  Bot.  Gaz.,  48,  11  (1907)  ; 
and  Bui.  47,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  1907. 


SUBSTANCES  SHOWING   OXIDATION    BY  ROOTS.  17 

Compounds  belonging  to  the  first  class  which  have  been  used  in 
this  work  are  alpha-naphthylamine,  benzidine,  vanillin,  vanillic  acid, 
and  esculin. 

Alpha-naphthylamine  is  only  slightly  soluble  in  water,  but  con- 
stitutes a  good  reagent  for  use  in  plant  cultures,  because  its  color- 
less solution  is  nontoxic,  or  nearly  so,  to  plants.  When  oxidized 
by  the  roots  of  plants,  or  by  reagents  such  as  ferric  chloride  or  silver 
nitrate,  alpha-naphthylamine  is  converted  into  the  insoluble,  lavender- 
purple  oxynaphthylamine.  When  the  oxidation  is  performed  by 
the  growing  roots  of  a  plant,  the  oxynaphthylamine  is  deposited 
upon  the  surface  of  the  roots  in  characteristic  zones,  as  already 
described  by  Raciborski.®  The  root  cap  is  slightly,  if  at  all,  col- 
ored; the  zone  of  primary  meristematic  cells  immediately  back  of 
the  root  cap  is  marked  by  a  distinct  narrow  band  of  color ;  the  zone 
of  actively  growing  cells  in  the  region  of  greatest  elongation  is  not 
intensely  colored;  the  more  slowly  growing  portions  of  the  root 
possess  the  purplish  color,  but  it  becomes  less  intense  as  one  passes 
to  the  upper  parts  of  the  root. 

The  superior  oxidizing  power  of  the  meristematic  tissues  of  the 
plant  is  not  only  shown  by  the  narrow  zone  of  deep  color  formed  on 
the  primary  meristem  of  the  apical  portion  of  the  roots,  but  also  by 
the  small  dots  of  color  produced  on  that  portion  of  the  root  from 
which  secondary  roots  arise.  If  a  wheat  root  8  to  10  cm.  in  length  is 
placed  in  a  solution  of  naphthylamine  it  will  exhibit,  in  addition 
to  the  deeper  colored  zones  near  the  apex,  dark  purple  spots  at  the 
places  where  secondary  roots  are  forming  and  are  about  to  break 
through  the  cortical  layers  of  the  primary  root.  If  secondary  roots 
are  already  present,  they  show  the  same  zones  of  colors  already 
described  for  the  primary  roots. 

The  concentrations  of  naphthylamine  used  in  solution  cultures  are 
necessarily  low  on  account  of  its  slight  solubility  in  water,  but  are 
sufficiently  strong  to  show  the  oxidation.  In  ordinary  practice  10 
parts  of  naphthylamine  to  a  million  (10  jng.  per  liter  of  water)  is  a 
suitable  concentration  to  use.  This  concentration  will  eventually  re- 
tard the  growth  of  wheat  plants,  but  is  not  detrimental  to  growth  in 
the  length  of  time  usually  required  to  demonstrate  the  oxidizing 
powers  of  the  plant  roots.  A  concentration  of  5  parts  per  million 
sometimes  acts  as  a  stimulant  to  growth. 

Benzidine  is  another  chromogen  which  is  oxidized  by  plants  and 
may  advantageously  be  used  to  demonstrate  their  oxidizing  action. 
It  is  only  slightly  soluble  in  water,  but  in  weak,  colorless  solution  it 
is  readily  oxidized  by  plant  roots  to  an  insoluble  dye  which  gives  the 
roots  a  blue-black  or  black  appearance.     Benzidine  is  slightly  toxic  to 

«  Bill.  Acad.-  Scl.  Cracovie,  1{K)5,  pp.  338,  0G8,  603. 
64976— Bull.  56—09 3 
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plant  growth,  but  does  not  cause  pathological  conditions  within  the 
time  required  for  demonstrating  the  oxidizing  power  of  the  plant 
roots.  A  concentration  of  5  parts  benzidine  to  a  million  of  water  will 
give  good  results  and  does  not  injure  wheat  roots  in  twenty-four 
hours,  although  that  concentration  may  eventually  inhibit  growth. 

The  effect  of  oxidation  may  easily  be  demonstrated  by  allowing  the 
roots  of  wheat  plants  to  grow  in  a  5  part  per  million  solution  of  benzi- 
dine for  twelve  to  twentv-four  hours.     The  formation  of  colors  in 

ft. 

distinct  zones  is  fully  as  striking  as  in  the  case  of  alpha-naphthyl- 
amine.  As  before,  the  root  cap  does  not  produce  oxidation  products, 
the  primary  meristem  is  marked  by  a  narrow  band  of  brown  color, 
the  zone  of  elongation  is  practically  uncolored,  whereas  the  portion 
of  the  root  just  above  the  zone  of  greatest  elongation  is  entirely 
colored  blue-black  or  black  by  the  oxidation  products. 

Solutions  of  vanillin  and  vanillic  acid  act  in  much  the  same  manner 
as  those  of  naphthylamine  or  benzidine,  but  the  concentrations  re- 
quired to  demonstrate  the  oxidizing  power  of  roots  are  quite  strongly 
toxic'  Both  substances  are  ccm verted  by  the  oxidizing  action  of  the 
roots  into  a  purple  insoluble  dye  which  stains  the  surface  of  the  roots 
in  the  manner  previously  described.  The  concentration  of  vanillin 
in  the  solution  most  favorable  for  showing  oxidation  with  wheat 
plants  lies  between  250  and  500  parts  per  million.  A  solution  of  this 
concentration  will  demonstrate  the  oxidizing  power  of  the  roots  be- 
fore the  plants  become  seriously  injured.  To  demonstrate  the  oxidiz- 
ing power  of  roots  with  vanillic  acid,  a  solution  of  the  latter  contain- 
ing 25  to  50  parts  per  million  should  be  used. 

Esculin  is  another  chromogen  belonging  to  this  class,  but  was 
found  to  be  less  suitable  for  this  work.  Esculin  solutions  when 
freshly  prepared  exhibit  a  blue  fluorescence.  After  plant  roots  have 
grown  for  a  few  days  in  such  a  solution,  the  blue  fluorescence  is  lost 
and  the  roots  themselves  are  colored  3'ellow  as  a  result  of  their  oxidiz- 
ing activity,  the  dye  formed  being  insoluble  and  remaining  upon  the 
surface  of  the  roots  where  the  greatest  oxidation  occurs.  The  con- 
centrations necessary  to  demonstrate  the  oxidizing  power  of  roots 
range  from  500  to  1,000  parts  per  million  and  are  eventually  quite 
toxic  to  wheat  plants. 

The  second  class  of  chromogens,  viz,  those  which  are  converted 
into  soluble  coloring  matters,  are  in  many  respects  more  useful  for 
oxidation  studies  than  those  belonging  to  the  first  class,  because  the 
intensity  of  the  color,  and  hence  the  amount  of  oxidation,  can  be 
quantitatively  expressed.  The  substances  belonging  to  the  second 
class  which  have  been  employed  in  this  study  are  phenolphthalin, 

«  Bill.  47,  Bureau  of  Soils,  V.  S.  Dept.  Agr.,  1907;  Proc.  Am.  Soc.  Biol.  Cheni.,  1, 
33  (1907)  ;  Bot.  Gaz.,  45,  73  (1908). 
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aloin,  and  leuco-rosolic  acid.  Alcoholic  solutions  of  guaiac  were  also 
used  for  various  tests,  but  could  not  be  put  into  solution  cultures 
containing  growing  roots. 

The  value  of  phenolphthalin,  a  leuco  compound  prepared  from 
])henolphthalein,  as  an  indicator  of  oxidizing  enzymes,  has  been  dem- 
onstrated for  plant  work  by  Kastle**  and  by  Raciborski.*  Phen- 
olphthalin is  prepared  by  the  method  described  by  Baeyer,^  which 
consists  in  reducing  ordinary  phenolphthalein  with  zinc  dust  and 
sodium  hydroxide  to  phenolphthalin.  The  latter  substance  is  oxidized 
back  to  phenolphthalein  by  the  oxidizing  power  of  the  plant  roots, 
a  change  which  is  readily  demonstrated  when  the  solution  is  rendered 
alkaline.  The  following  procedure  was  observed  in  preparing  this 
reagent:  Weigh  out  250  mg.  of  phenolphthalein,  3  grams  sodium 
hydroxide,  and  4  or  5  grams  of  zinc  dust.  Place  all  in  a  flask  and 
add  100  to  150  c.  c.  of  water.  Place  the  flask  on  a  sand  bath  and  heat 
sufficiently  to  cause  a  i:apid  evolution  of  hydrogen  without  causing 
the  contents  of  the  flask  to  boil  violently.  The  heating  usually  re- 
quires two  to  three  hours  to  effect  reduction  of  the  phenolphthalein. 
The  contents  of  the  flask,  after  reduction  is  completed,  may  be  filtered 
and  rendered  nearly  neutral  with  hydrochloric  acid  and  may  then 
be  used  as  indicator  in  the  plant  cultures.  However,  better  results 
may  be  obtained  by  using  phenolphthalin  purified  according  to  the 
method  given  by  Baeyer.  After  purification  the  phenolphthalin  is 
dissolved  in  X/10  or  X/20  NaOII  and  a  few  cubic  centimeters  of  the 
alkaline  solution  put  into  each  culture.  If  quantitative  results  are 
desired,  it  is  necessary  to  reduce  all  the  solution  cultures  to  neutrality 
or  the  same  degree  of  alkalinity.  A  very  slight  degree  of  alkalinity 
is  not  usually  harmful  to  plants  within  the  duration  of  an  experi- 
ment and  is  favorable  to  the  process  of  oxidation.  Phenolphthalin 
is  slowly  oxidized  by  mere  contact  with  the  air;  therefore  it  is  ad- 
visable to  install  controls  which  will  allow  the  results  to  be  corrected 
for  this  atmospheric  oxidation.  When  the  phenolphthalin  is  added 
to  the  solution  cultures,  a  like  quantity  is  therefore  added  to  jars  of 
distilled  water  equal  in  volume  to  the  cultures.  The  amount  of 
oxidation  in  these  blanks  is  subtracted  from  what  is  observed  in  the 
plant  cultures. 

Plant  cultures  usually  show  striking  results  at  the  end  of  ten  to 
twenty  hours,  depending  somewhat  upon  the  temperature  and  amount 
of  root  surface.  At  the  end  of  the  experiment  the  plants  are  re- 
moved from  the  cultures  and  all  are  rendered  distinctly  alkaline  with 

«Am.  Chem.  Jour.,  26,  526  (1901);  Bui.  26,  Hyg.  Lab.,  U.  S.  Pub.  Health 
and  Mar.  IIosi).  Service,  11)06. 

&Bul.  Acad.  Sci.  Cracovie,  inath.-nat.  CI.,  1905,  338. 
-^Ann.  Chem.,  202,  80  (1880). 
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sodium  hydroxide  solution  and  thus  the  red  phenolphthalein  color 
is  developed. 

Tlie  great  advantage  in  the  use  of  phenolphthalin  to  demonstrate 
the  oxidizing  power  of  roots  lies  in  the  fact  that  it  is  capable  of  yield- 
ing quantitative  results.  After  the  colors  have  been  developed  in 
the  alkaline  solution  their  intensities  may  be  estimated  by  the  aid 
of  a  colorimeter.  In  the  work  reported  below  the  color  intensities  were 
estimated  by  means  of  the  colorimeter  previously  described,"  which 
permits  of  rapid  and  accurate  readings.  The  colored  solutions  may  be 
read  against  a  standard  phenolphthalein  solution  or  against  u  standard 
Ijovibond  red  glass  slide.^  The  readings  of  the  colorimetric  tubes  are 
inversely  proportional  to  the  color  intensity  and  are  easily  reduced  to 
their  relative  values. 

Aloin  is  a  substance  which  may  be  used  to  demonstrate  the  oxidizing 
power  of  roots  in  the  same  way  as  phenolphthalin  is  used.  Aloin,  or 
barbaloin,  is  the  active  principle  of  Barbadoes  aloes  and  is  obtained  in 
the  market  in  the  form  of  a  yellow  powder,  fairly  soluble  in  water  and 
serving  well  as  an  indicator  of  the  oxidizing  power  of  plants.  At  the 
concentrations  used  in  our  work  it  was  not  found  to  exert  any  toxic 
action  upon  plants.  As  a  result  of  a  limited  investigation  of  the 
chemistry  of  aloin  it  seems  tliat  its  varlue  as  an  indicator  of  the  oxidiz- 
ing power  of  plants  depends  largely  upon  the  content  of  iso-barbaloin. 

When  oxidized  by  the  plant  roots,  the  aloin  solution  is  changed  from 
a  pale  yellow  color  to  a  permanent  deep  wine-red  color  similar  to  that 
given  by  Klunge's  reaction  for  iso-barbaloin.  Klunge's  reaction  *" 
consists  in  dissolving  aloin  (containing  iso-barbaloin)  in  a  15  per  cent 
sodium  chloride  solution  and  adding  5  c.  c.  of  concentrated  copper  sul- 
phate solution.  Almost  immediately  the  yellow,  straw-colored  solu- 
tion begins  to  change  to  a  permanent  deep  wine  red.  The  change  is 
hastened  by  warming  the  solution. 

When  experimenting  w-ith  plant  juices  containing  enzymes  there 
appears  to  be  a  diflFerence  between  the  reactions  to  aqueous  and  alco- 
liolic  solutions  of  aloin.  As  the  results  of  experiments  described  in 
detail  in  a  subsequent  section  of  this  paper,  it  was  found  that  an 
aqueous  solution  of  aloin  is  a  better  indicator  of  the  presence  of  oxi- 
dase, while  an  alcoholic  solution  of  aloin  is  the  better  indicator  of 
peroxidase. 

Aloin,  like  phenolphthalin,  should  be  added  to  neutral  or  faintly 
alkaline  culture  solutions,  and  where  quantitative  results  are  desired 

«  Jour.  Am.  Chem.  Soc.,  27,  1192  (11)05)  ;  Bui.  31,  Bureau  of  Soils,  U.  S.  Dept. 
Agr.,  IDOG. 

^  Lovibond,  Jour.  Soc.  Chem.  Ind.,  18,  308  (1894)  ;  see  also  Schreiner,  Pharm. 
Review,  19,  61  (1901). 

^  Schweizerische  Wochenschr.  f.  Pharm.,  21,  1  (18S3)  ;  also  Leger,  Compt. 
rend..  131,  55  (1900). 
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all  solutions  should  be  of  the  same  degree  of  alkalinity.  In  all  of  our 
work  aloin  was  added  at  the  rate  of  100  mg.  of  aloin  to  250  c.  c.  of 
culture  solution.  If  actively  growing  seedlings  are  used  in  a  very 
faintly  alkaline  solution,  a  small  amount  of  red  color  may  be  developed 
in  an  hour  or  two,  but  the  experiments  should  be  continued  for  twelve 
to  twenty  hours  for  the  final  observation.  When  certain  inorganic 
salts  were  present  in  tlie  culture  solutions,  the  aloin  red  color  was 
slightly  modified.  The  addition  of  nitrates  or  previous  treatment  of 
the  soil  extracts  with  an  absorbing  agent  gave  the  oxidized  aloin  a 
purplish  tinge,  resembling  that  of  fresh  fuchsin  solution.  The  presence 
of  calcium  carbonate  gave  a  purer  red  color,  resembling  alkanna  or 
cochineal  solution. 

The  fact  that  aloin  is  changed  by  oxidation  from  a  light  yellow  to 
a  deep  red  solution  makes  it  somewhat  more  difficult  to  obtain  colori- 
metric  readings  than  in  the  case  of  phenolphthalin,  where  there  is  a 
change  from  a  colorless  to  a  red  solution.  It  is  nevertheless  practical 
to  use  the  colorimeter  for  measuring  approximately  the  intensity  of 
color  in  aloin  solutions  by  arranging  the  solutions  in  the  order  of 
their  apparent  color  intensities  and  using  each  solution  first  as  an 
unknown  and  then  as  a  standard  for  the  next  higher.  For  example, 
let  No.  1,  the  weakest  color,  be  the  standard  against  which  Xo.  2  is 
read.  Then  discard  No.  1,  set  No.  2  at  a  convenient  mark,  and,  using 
it  as  the  standard,  read  No.  3.  In  turn  No.  3  is  used  as  the  standard 
for  No.  4,  and  so  on.  In  this  way  one  avoids  the  necessity  of  compar- 
ing a  solution  strongly  tinged  with  yellow  against  a  solution  which 
contains  little  or  no  yellow  tint.  In  any  two  solutions  to  be  estimated 
the  tints  of  yellow  should  not  be  greatly  different. 

Leuco-rosolic  acid  is  another  reagent  which  is  useful  for  demon- 
strating the  oxidizing  power  of  plant  juices*  and  plant  roots.  When 
a  few  cubic  centimeters  of  a  slightly  alkaline,  colorless  solution  are 
added  to  a  culture  containing  plants,  the  leuco-rosolic  acid  is  oxidized 
back  to  rosolic  acid,  the  change  being  shown  by  the  appearance  of  the 
red  color.  This  reagent  is  not  so  generally  useful  as  phenolphthalin 
and  aloin,  since  it  is  more  readily  oxidized  by  mere  contact  with  the 
air,  as  well  as  being  more  difficult  to  prepare. 

PRELIMINARY  EXPERIMENTS. 

The  first  experiments  were  conducted  for  the  purpose  of  ascer- 
taining some  general  facts  concerning  the  phenomenon  of  oxidation 
by  the  roots  of  seedlings,  as  well  as  to  learn  the  methods  best  suited 
for  studying  oxidation  in  soil  extracts.  The  experiments  of  Raci- 
borski  dealt  with  plants  growing  under  what  may  be  termed  pure 

«  Kastle,  J.  H.,  Kill.  26,  Ilyg.  Lab.,  F.  S.  Piib.  Health  and  Mar.  Hosp.  Serv., 
p.  17  (190G). 
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culture  conditions,  and   those   of   Kastle   were  concerned   with   the 
oxidizing  power  of  phint  extracts. 

In  the  first  experiment  wheat  seedlings  4  days  old  were  placed 
in  solutions  of  alpha-naphthylamine  having  concentrations  of  1,  2,  5, 
and  10  parts  per  million,  and  in  a  solution  of  5  parts  per  million 
benzidine.  The  experiment  was  set  up  at  4  p.  m.,  and  observa- 
tions were  made  eighteen  hours  later.  At  the  expiration  of  that 
time  colors  could  be  distinctlv  seen  on  the  white  surface  of  the 
wheat  roots.  The  roots  in  the  solution  of  1  part  per  million  naphthyl- 
amine  were  pale  lavender;  in  2  parts  per  million  they  were  pro- 
nounced lavender,  except  at  the  root  cap;  in  the  5  parts  per  million 
solution  they  were  violet  in  the  region  occupied  by  the  primary 
meristem,  and  in  the  region  of  the  root  hairs  where  growth  of  elon- 
gation occurs;  the  root-cap  and  a  narrow  zone  just  above  the  primary 
meristem  were  uncolored;  in  the  10  parts  per  million  solution  the 
roots  showed  the  same  coloi*s  as  in  that  of  5  parts  per  million.  The 
roots  in  the  solution  of  5  parts  per  million  of  benzidine  showed  their 
power  of  oxidation  by  the  formation  of  brown- violet  color  distributed 
in  the  same  manner  as  described  for  the  roots  which  grew  in  the  solu- 
tions of  naphthylamine. 

In  order  to  learn  whether  the  oxidizing  powers  of  roots  were  af- 
fected by  conditions  which  favor  growth,  and  also  whether  the  method 
used  in  the  first  experiment  would  show^  such  differences,  the  follow- 
ing experiment  was  made :  Three  water  cultures  were  made,  in  each 
of  which  an  equal  number  of  wheat  seedlings  of  uniform  age  and 
size  were  employed.  One  culture  was  made  with  redistilled  water,  the 
second  with  an  aqueous  extract  of  a  rich  garden  soil,  the  third  with 
a  dilute  aqueous  extract  of  well-decomposed  stable  manure.  After 
the  plants  had  grown  for  one  day  in  these  liquids  the  oxidizing 
powers  of  the  plants  were  determined  by  transferring  them  to  other 
bottles  containing  2  parts  per  million  of  alpha-naphthylamine  in 
distilled  water.  At  the  expiration  of  eighteen  hours  the  intensity  of 
the  purple  colors  showed  that  the  roots  which  had  previously  grown 
in  the  extract  of  garden  soil  had  oxidized  more  naphthylamine  than 
those  which  had  grown  in  distilled  water,  and  those  which  had  grown 
in  manure  extract  had  oxidized  more  naphthylamine  than  those 
from  the  garden  soil  extract.  At  the  end  of  twenty-four  hours  the 
differences  in  color  intensity  in  the  two  cultures  were  still  more 
marked. 

The  next  experiment  was  an  attempt  to  employ  a  method  which 
would  permit  a  more  accurate  quantitative  expression  of  the  oxidiz- 
ing power  of  the  roots.  Two  cultures  of  wheat  seedlings  were  grown 
for  five  days  in  an  extract  of  unproductive  soil  under  the  same  con- 
ditions as  two  other  cultures  in  an  extract  of  rich  garden  soil.  Each 
culture  contained  00  c.  c.  of  the  respective  soil  extract.  The  oxidizing 
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power  of  the  roots  was,  in  this  experiment,  shown  by  using  phenol- 
phthalin.  The  phenolphthalin  was  prepared  by  the  method  given 
in  a  previous  paragraph  and  0.4  c.  c.  of  the  freshly  j^repared  solution 
added  to  each  culture  of  plants  after  they  had  grown  five  days  in 
their  respective  solutions.  Nineteen  hours  after  adding  the  indicator 
all  plants  were  removed  from  the  cultures  and  the  solutions  rendered 
alkaline,  thus  producing  the  phenolphthalein  color.  The  solutions 
were  brought  to  the  same  volume  by  the  addition  of  distilled  water, 
and  the  relative  amount  of  oxidation  was  measured  by  determining 
the  color  intensities  of  the  different  cultures. 

The  two  cultures  of  poor  soil  gave  readings  of  40  and  42  divisions 
on  the  graduated  tube  against  slide  No.  2  (Lovibond  system)  ;  the 
two  cultures  of  rich  garden  soil  gave  readings  of  14  and  24  divisions 
against  slide  No.  4  (Lovibond  system).  Averaging  the  readings  and 
comparing  the  intensity  of  the  colors,  the  oxidation  in  the  poor  lawn 
soil  and  in  the  rich  garden  soil  stands  in  the  ratio  of  1  to  4,  or  more 
exactly  as  19  to  82.  This  result  indicated  that  a  procedure  based 
upon  this  method  will  give  satisfactory  quantitative  results. 

This  method  was  further  tested  by  another  experiment,  in  which 
different  beneficial  treatments  were  applied  to  an  extract  of  the  un- 
productive soil  used  in  the  last  experiment.  The  results  of  the  last 
experiment  showed  that  the  oxidizing  power  of  plants  growing  in 
solutions  of  different  jihysiological  properties  varies  considerabl}', 
but  left  the  question  open  as  to  how  much  of  the  oxidation  result 
might  be  due  to  plants  and  how  much  to  the  sohition.  In  the  present 
experiment,  therefore,  two  of  the  four  bottles  in  each  set  of  solutions 
were  left  unplanted  and  their  oxidizing  powers  measured  along  with 
those  of  the  solutions  which  contained  i:)lants.  The  treatment  applied 
consisted  in  adding  fertilizer  substances  in  the  form  of  pure  chem- 
icals. Calcium  carbonate  was  added  at  the  rate  of  2,000,  and  sodium 
nitrate  at  the  rate  of  50  parts  per  million,  respectively.  The  cultures 
were  put  up  August  24  and  allowed  to  grow  until  August  28,  when 
the  amount  of  water  transpired  by  each  culture  was  ascertained  and 
3  c.  c.  of  a  freshly  prepared  phenolphthalin  solution  added  to  each 
bottle.  After  root  oxidation  had  taken  place  the  color  of  the  phe- 
nolphthalein was  brought  out  by  adding  a  few  drops  of  strong  alkali 
to  each  culture  and  the  intensities  of  the  different  solutions  compared 
in  the  colorimeter.  Table  I  presents  the  figures  which  give  the  rela- 
tive amount  of  oxidation  in  the  planted  and  unplanted  solutions. 
When  the  phenolphthalin  solution  was  added  to  the  culture  jars  tlie 
same  quantity  was  added  to  a  jar  of  distilled  water,  which  served  as  a 
control  upon  the  oxidation  incident  to  contact  with  atmospheric 
oxygen.  The  color  intensity  of  this  control  was  determined  and 
subtracted  from  each  of  the  other  readings. 
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Table  I. — Relative  oxidizing  power  of  cultures  and  unplanted  solutions  of 
Takoma  latcn  soil  extract,  with  and  without  the  addition  of  fertilizer  ingre- 
dients. Oxidizing  power  of  plants  grown  in  distilled  ivater  used  as  the  basis 
of  comparison. 

I  r.  p.  ra.=»part8  p*»r  million.] 


No. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Culture. 


Dffitillt'd  wator  (planted )\  .  ,.„„.., , 
Distilled  water  (planted  if^"" ^™*^'-  • ' " 
Extract  Takoma  lawn  8oil  (planted).. 

l^me  ( planted ) 

Same  (unplanted) 

Same  (unplanted ) 

Same  +2.000  p.  p.  m.  C&CO»  (planted). 

Same  ( plan  ted ) 

Same  (unplanted ) 

Same  ( unplanted ) 

Same  +50  p  p.  m.  NaNOi  (planted).., 

Same  ( planted) 

Same  (unplanted) 

Same  ( unplant(*d ) 


Relative 

oxidation. 


100 

88 
74 
8 
19 
113 
63 
19 
25 
9« 
63 
2t 
17 


The  plants  used  in  this  experiment  were  quite  young  and  the  exper- 
iment was  only  continued  for  four  days,  a  period  rather  too  short  for 
the  maximum  oxidation  effect,  as  shown  by  subsequent  experiments; 
nevertheless  the  results  show  that  the  different  treatments  affected 
the  oxidizing  powers.  The  plants  grown  in  extracts  of  poor  soil  pos- 
sessed less  oxidizing  pow-er  than  the  controls  in  distilled  water,  but  the 
oxidizing  power  was  increased  bj^  the  addition  of  calcium  carbonate. 
The  addition  of  sodium  nitrate  did  not  show^  any  marked  increase  in 
the  oxidation  in  those  solutions  within  the  time  of  the  experiment, 
although  its  effect  as  shown  in  later  experiments  is  always  to  increase 
oxidation. 

The  point  which  is  to  be  emphasized  in  this  experiment  and  which 
has  not  been  previously  brought  out  is  that  the  soil  extract  unplanted 
possesses  a  comparatively  feeble  power  of  oxidation,  as  shown  by  the 
use  of  phenolphthalin,  and  that  the  addition  of  calcium  carbonate 
and  sodium  nitrate  slightly  increased  this  small  oxidizing  power. 

An  additional  experiment  was  performed,  using  three  different 
salts  in  distilled  water.  The  results  of  this  experiment,  which  are 
given  in  Table  II,  confirm  those  of  the  foregoing  experiments  in  the 
soil  extract.  The  cultures  were  made  in  duplicates,  and  the  figures 
i-epresent  the  averages  of  each  pair. 
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Table  II. — Relative  oxidizing  power  of  cultures  and  unplanted  solutions  of  three 

nutrient  salts.    Oxidizing  power  of  plants  grown  in  distilled  water  used  as 

basis  of  comparison. 

[P.  p.   m.=part8  per  million.] 


No. 


1 
2 
8 

4 
6 
6 
7 


Culture. 


Controls  in  dUtilled  water  (planted) 

Solution.  60  p.  p.  m.  NOs  as  MaNOi  (planted). . 

Same  (unplanted) 

Solution,  85  p.  p.  m.  K  as  KCl  (planted)    

Same  (unplanted) 

Solution,  50  p.  p.  m.  PO4  aa  NaHPOi  (planted) 
Same  (unplanted) 


Relative 
oxidation. 


100 
2S2 
89 
72 
36 
88 
21 


The  enzymotic  nature  of  the  oxidizing  process  was  next  investi- 
gated, using  alcoholic  guaiac.  When  alcoholic  guaiac  is  added  to  a 
solution  in  which  wheat  roots  have  been  growing  for  a  time,  evidence 
of  the  presence  of  peroxidase  was  obtained,  but  none  for  oxidase. 

When  young  growing  wheat  roots  are  treated  with  a  solution  of 
alcoholic  guaiac  they  instantly  give  a  blue  color,  which  deepens  when 
hydrogen  peroxide  is  added.  This  indicates  that  the  cells  of  the 
plant  root  contain  an  oxidase,  as  Czapek  has  also  shown." 

A  word  may  be  introduced  at  this  place  concerning  the  possible 
function  of  bacteria  in  producing  oxidizing  ferments  which  might 
accomplish  some  of  the  effects  noted.  It  is,  of  course,  possible  that 
such  organisms  existed  in  the  culture  employed,  since  after  filtering 
the  extracts  no  especial  precautions  were  taken  to  keep  them  sterile 
and  microorganisms  which  were  on  the  roots  of  the  plants  would  be 
introduced  into  the  solutions.  That  these  microorganisms  were  re- 
sponsible for  any  appreciable  amount  of  oxidation  in  the  experiments 
described  in  this  paper  is  hardly  possible.  In  the  first  place  the 
solutions  used  were  not  well  adapted  for  a  very  thrifty  development 
of  micro-organisms,  as  was  shown  by  their  freedom  from  turbidity, 
odors,  or  other  indications.  The  definite  zones  of  color  produced 
when  indicators  like  alpha-naphthylamine  and  benzidine  were  used 
and  their  close  correspondence  to  definite  zones  of  tissue  in  the  root 
show  that  the  oxidation  is  performed  only  by  agents  intimately  con- 
nected with  the  roots.  The  colors  due  to  oxidation  were  most  intense 
on  the  regions  of  the  root  where  growth  was  most  active,  whereas  we 
would  expect  that  the  bacteria,  if  zonally  distributed,  would  be  more 
abundant  on  the  dying  cells  of  the  root  cap  or  the  dismantled  cortical 
layers  of  the  older  parts  of  the  root.  It  seems,  therefore,  highly  im- 
probable that  the  oxidizing  activities  of  microorganisms  can  be  re- 
sponsible to  any  appreciable  extent  for  the  results  observed. 

OXIDATION  IN  SOIL  EXTRACTS. 

Following  the  preliminary  experiments  already  described,  further 
experiments  were  made  to  study  in  more  detail  the  oxidizing  power 

«Anii.  of  Bot.,  19,  75  (1905). 
64970— Bun.  56—09 4 
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of  plants  grown  in  extracts  of  soil  of  different  character.  These  ex- 
periments were  chiefly  designed  to  study  the  oxidizing  powders  of 
plants  in  extracts  of  good  and  poor  soils,  of  extracts  treated  with 
absorbing  agents,  and  in  distillates  of  soil  extracts. 

The  difference  in  the  oxidizing  power  of  plants  in  extracts  of 
fertile  and  infertile  soils  is  shown  by  the  following  experiments.  In 
the  first  experiment  an  extract  of  Takoma  lawn  soil  was  compared 
with  an  extract  of  ofood  Leonardtown  loam.  The  former  is  a  verv 
unproductive  soil  and  the  latter  is  a  much  better  and  usually  very 
productive  soil.  The  oxidizing  powers  of  the  plants  were  determined 
by  adding  phenolphthalin  to  the  cultures  after  the  plants  had  grown 
in  them  for  nine  days.  The  gro\^'th.and  oxidizing  powers  of  the 
plants  are  shown  in  Table  III,  relative  to  control  cultures  made  in 
distilled  water,  which  are  represented  as  100  in  each  case. 

Table  III. — Comparative  growth  and  oxidizing  powers  of  plants  in  extracts  of 
Takoma  lawn  soil  and  good  Leonardtown  loam.  Growth  expressed  in  terms 
of  relative  transpiration. 


No. 


Culture. 


1  I  Controls  la  distilled  water . 

2  !  Extract  Takoma  lawn  Roll . 

3  Extract  Leonardtown  loam 

I 


Relative 
growth. 


100 
88 
60 


Relatiye 
oxidation. 


100 

72 

286 


In  the  comparatively  short  time  of  this  experiment  during  cloudy 
winter  weather,  December  10  to  19,  the  plant  growth  as  manifested  by 
the  figures  for  transpiration  did  not  have  time  enough  to  show  the 
relative  productiveness  of  the  two  extracts,  since  it  has  usually  been 
found  that  the  Leonardtown  loam  extract  produces  in  fourteen  to 
eighteen  days  better  plants  than  distilled  water.  The  figures  do 
show^,  however,  a  much  greater  oxidizing  power  in  the  plants  grown 
in  the  extract  of  the  more  fertile  soil  even  under  these  conditions. 

Subsequent  experiments  were  performed,  the  results  of  which  cor- 
roborated the  foregoing.  In  each  case  where  growth  was  good  there 
was  also  good  oxidation ;  where  growth  indicated  a  poor  soil  extract 
the  oxidation  was  small,  as  will  be  seen  from  Tables  IV  and  V. 

Table  IV. — Comparative  growth  and  oxidizing  powers  of  plants  in  extracts  of 
poor  sandy  loam  and  garden  loam.  Growth  expressed  in  terms  of  relative 
transpiration. 


No. 


1 
2 

3 


Culture. 


Controls  in  distilled  water 
Extract  poor  sandy  loam. . 
Extract  garden  loam 


Relatiye 
growth. 


100 

77 

125 


Relative 
oxldatioiu 


100 

lOS 
276 
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Table  V. — Comparative  growth  and  oxidizing  powers  of  plants  in  extract  of 
good  and  poor  soils.     Qrowth  expressed  in  terms  of  relative  transpiration. 


No. 


1 
2 
3 
4 


Culture. 


Controls  in  distilled  water. .. 
Extract  Arlington  clay  loam 
Extract  ClarkHvilie  silt  loam 
Extract  Stockton  peat 


Relative 
oxidation. 


100 
107 
133 
400 


In  all  these  experiments  where  direct  comparisons  are  made  be- 
tween th^  extracts  of  soils  that  are  so  poor  as  to  give  less  plant 
growth  than  pure  distilled  water  and  other  extracts  giving  materially 
greater  growth  than  pure  distilled  water,  it  appears  to  be  unmistak- 
ably true  that  the  cultures  made  of  extracts  of  good,  fertile  soils  pos- 
sess much  greater  oxidizing  powers  than  those  made  of  extracts  of 
soils  of  relatively  less  fertility. 

The  next  question  considered  was  concerned  with  the  effect  of 
treating  the  soil  extract  with  absorbing  agents.  Treating  the  ex- 
tracts of  a  more  or  less  unproductive  soil  with  carbon  black  or  other 
good  absorbing  agent  is  usually  beneficial  to  growth.  This  response 
seems  to  be  quite  general  for  all  poor-soil  extracts,  although  their 
response  to  other  treatments  may  be  quite  different.  Previous  work 
in  this  laboratory  «  has  shown  that  this  ameliorating  action  is  due  to 
the  removal  of  deleterious  organic  substances.  Experiments  were 
accordingly  made  in  which  a  number  of  different  soil  extracts  were 
treated  with  carbon  black  or  ferric  hydrate.  The  absorbing  agent 
was  shaken  with  the  soil  extract  and  filtered  off  at  the  expiration  of 
a  half  hour  in  the  same  manner  as  the  distilled  water  used  in  the 
experiments  was  prepared.  The  relative  effect  of  this  treatment 
upon  growth  and  the  oxidizing  power  of  the  plants  is  shown  in  Table 
VI,  where  the  effect  in  the  untreated-soil  extract  is  in  each  case  taken 
as  100. 


o  Bills.  28,  36,  and  40,  Bureau  of  Soils,  U.  S.  Dept.  Agr. ;   Breazeale,  J.  F.,  Bot. 
Gnz.,  41:  54   (1906). 
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Table  VI. — Effect  of  treatment  with  carbon  black  and  ferric  hydrate  upon 
growth  and  oxidizing  power  of  plants  grown  in  extracts  of  farioua  soils. 
Growth  expressed  in  terms  of  relative  transpiration. 


No. 


Culture. 


Relative 
growth. 


6 


9 
10 
11 
12 
13 


14 


Arlington  clay  loam  a 

Same,  treated  with  carbou  black. . 
Takoma  lawn  soil  a 

Same,  treated  with  carbon  black . . 
Alloway  clay  « 

Same,  treated  with  carbon  black.. 
Dunkirk  sandy  loam  « 

Same,  treated  with  carbon  black.. 
Miami  silt  loam  a 

Same,  treated  with  ferric  hydrate. 
Man«hall  clay  loam  b 

Same,  treated  with  carbon  black  . . 
Clarknville  Bllt  loam  b 

Same,  treated  with  carbon  black.. 
Klkton  silt  loam  6 

Same,  treated  with  carbon  black. . 
Cecil  tine  sandy  loam  b 

Same,  treated  with  carbon  black. . 
Ilagenttown  loam  b 

Same,  treated  with  carbon  black. . 
Cecil  sandy  loam  * 

Same,  treated  with  carbon  black. . 
Dutchess  silt  loam  b 

Same,  treated  with  carbon  black. . 
Poor  sandy  loam  b 

Same,  treated  with  ferric  hydrate. 
Garden  loam  b 

Same,  treated  with  ferric  hydrate. 


100 
124 
100 
137 
100 
116 
100 
112 
100 

m 

100 
216 
100 
450 
100 
179 
100 
112 
100 
230 
100 
198 
100 
110 
100 
170 
100 
136 


Relative 
oxidation. 


100 
265 
100 
100 
100 
117 
100 
280 
100 
198 
100 

lao 

100 
227 
100 
317 
100 
200 
100 
500 
100 
241 
100 
373 
100 
584 
100 
318 


a  Phenolphthalln  used  in  estimating  oxidation. 
*  Aloln  used  in  estimating  oxidation. 

It  will  be  noted  that  in  all  but  one  of  the  soil  extracts  the  effects  of 
the  treatment  with  an  absorbing  agent  strongly  increased  the  oxidiz- 
ing powers  of  the  plants  subsequently  grown  in  the  extract.  The 
treatment  also  increased  the  growth  of  the  plants,  as  shown  by  the 
transpiration. 

The  increased  oxidation,  as  well  as  the  increased  growth,  points 
directly  to  the  conclusion  that  the  soil  extracts  have  been  so  improved 
by  the  treatment  given  as  to  induce  a  more  active  functioning  of 
processes  necessary  to  secure  the  best  conditions  for  growth.  In  the 
single  case  of  No.  2  the  growth  was  increased  as  a  result  of  the  treat- 
ment with  carbon  black,  but  the  oxidation  was  not.  This  result  was 
frequently  obtained  with  the  Takoma  lawn  soil;  in  some  cases  the 
oxidizing  power  was  even  slightly  decreased  as  a  result  of  treatment 
with  absorbing  agents,  although  growth  was  increased.  No  satis- 
factory explanation  has  as  yet  been  obtained  for  this  apparently  ex- 
ceptional action.  It  may  be  found  upon  further  investigation  that 
the  lack  of  response  was  due  to  the  presence  of  matter  inhibiting 
oxidation,  which  was  not  removed  by  the  carbon  black.  This  ques- 
tion seems  worthy  of  more  study  than  we  have  been  able  to  give  it. 

Extracts  of  poor  soils  sometimes  contain  volatile  bodies  of  a  dele- 
terious nature  which  can  be  driven  off  by  boiling  and  collected  in  the 
distillate.     The  writers  have  described  the  behavior  of  plants  grown 
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in  such  distillates.  In  these  cases  the  distillate  usually  exhibits  the 
same  toxic  properties  which  the  original  extracts  possessed  and  the 
residue  is  correspondingly  improved. 

To  study  the  effects  of  these  distillates  upon  the  oxidizing  powers 
of  the  plants,  the  following  experiments  were  made :  One  liter  of  such 
a  soil  extract  was  placed  in  a  distilling  apparatus  and  distilled  until 
200  C.C.  of  distillate  had  passed  over  and  been  condensed.  This  fluid 
was  made  up  to  500  c.c.  by  adding  water  and  designated  "  First  por- 
tion." When  a  second  200  c.c.  of  distillate  had  been  collected,  it  was 
likewise  made  up  to  500  c.c.  and  designated  "  Second  portion."  Cul- 
tures werfe  made  in  e^ch  portion,  together  with  controls  in  pure  dis- 
tilled water.  At  the  end  of  a  week  the  plants  in  the  different  solu- 
tions showed  marked  differences.  The  plants  in  the  first  portion  of 
the  distillate  were  very  small  and  were  dying;  those  in  the  second  por- 
tion were  much  better ;  in  fact  were  equal  to  the  controls  growing  in 
distilled  water.  One  hundred  milligrams  of  aloin  was  added  to  each 
of  the  culture  bottles  and  on  the  following  day  the  amount  of  oxida- 
tion was  noted  by  comparing  the  intensity  of  red  color  in  each  cul- 
ture. The  culturas  in  the  "  First  i>ortion  "  showed  much  less  oxida- 
tion than  either  of  the  other  two.  The  most  oxidation  appeared  to 
have  gone  on  in  the  cultures  in  the  "  Second  portion,"  which  was 
slightly  in  excess  of  that  in  the  control  cultures  in  pure  distilled 
water. 

The  question  was  studied  further  and  in  a  more  quantitative  manner 
by  the  following  experiment :  An  extract  of  Elkton  silt  loam,  having 
a  volume  of  750  c.c,  was  placed  in  a  flask  connected  with  a  condenser 
and  distilled.  The  distillate,  amounting  to  500  cc,  was  collected  in 
two  portions  of  250  c.c.  each  and  used  as  a  culture  medium  in  which 
plants  were  grown,  together  with  the  residue  in  the  distilling  flask, 
which  was  diluted  to  its  original  volume  and  also  used  for  growing 
plants.  For  comparison,  cultures  were  also  made  in  the  original  soil 
extract.  The  wheat  plants  were  allowed  to  grow  in  the  various  solu- 
tions for  13  days  and  then  their  oxidizing  powers  were  estimated  by 
means  of  phenolphthalin.  The  growth  and  oxidation  are  shown  in 
Table  VII. 

Table  VIl. — Oravoth   and  oxidation  in  distillate  and  residue  of  Elkton  silt 
loam.     Growth  expressed  in  terms  of  relative  transpiration. 


No. 


Culture. 


1 
2 
3 
4 


Original  soil  extract  untreated 

First  portion  of  distillate 

Second  portion  of  distillate 

Residue  after  distillation,  diluted  to  origrinal  volume. 


Relative 
growth. 


100 
53 
70 

1S2 


Relative 
oxidation. 


100 
20 
19 

180 
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These  results  show  that  the  distillates  of  this  soil  extract  were  less 
favorable  for  growth  and  oxidation  than  the  original  untreated  soil 
extract,  while  the  residue  from  distillation  was  materially  improved. 
This  seems  to  indicate  that  the  original  soil  extract,  like  others  which 
have  been  investigated,**  contained  a  volatile  toxic  substance  which 
inhibited  oxidation  by  the  roots,  and  that  this  substance  was  driven 
off  by  the  process  of  distillation  with  resulting  benefit  to  oxidation  in 
the  residue.  Judging  from  the  growth  of  the  plants  the  firvSt  portion 
of  the  distillate  contained  a  larger  proportion  of  this  deleterious  sub- 
stance than  the  second,  although  this  smaller  amount  appears  to  be 
equally  as  deleterious  to  the  oxidizing  powers  of  the  roots  as  the 
larger  amount  present  in  the  first  portion.  The  oxidizing  power  of 
the  plants  in  the  rasidue  was  much  greater  than  in  the  distillates  or 
in  the  original  soil  extract. 

Evidently  the  oxidizing  powers  of  the  roots  are  affected  by  certain 
exterior  conditions,  since  an  improvement  in  the  physiological  proper- 
ties of  the  soil  extract  results  in  increased  oxidation  and  the  presence 
of  deleterious  bodies  results  in  decreased  oxidation. 

From  the  experimental  results  thus  far  presented  it  appears  that 
the  oxidizing  power  of  the  soil  extracts  themselves  can  be  regarded 
as  partly,  but  not  mainly,  responsible  for  the  oxidation  observed  in 
the  experiments.  In  one  of  the  preliminary  experiments  reported  in 
Table  I  it  was  shown  that  the  soil  extract  after  filtration  through  a 
Pasteur-Chamberland  filter  tube  exhibited  some  oxidation,  even  when 
no  plants  were  growing.  It  was  likewise  shown  by  the  results  in 
Table  II  that  certain  nutrient  salts  dissolved  in  distilled  water  were 
able  to  accomplish  a  material  amount  of  oxidation  without  the 
presence  of  growing  plants.  It  therefore  seems  unlikely  that  any 
considerable  amount  of  oxidation  was  performed  by  microorganic 
growth.  If  we  consider  the  result  in  this  last  experiment,  where 
oxidation  was  increased  in  the  residue  from  distillation  after  con- 
tinued boiling,  it  seems  that  any  extensive  action,  not  only  of  micro- 
organisms, but  also  of  enzymes,  must  be  precluded.  In  the  soil,  how- 
ever, it  is  quite  probable  that  both  of  these  oxidizing  factors  would 
come  into  play,  but  it  is  quite  certain  that  the  oxidizing  power  of 
the  roots  would  accomplish  a  considerable  portion  of  the  oxidation 
observed. 

INFLUENCE  OF  VARIOUS  SALTS  UPON  OXIDATION. 

The  next  step  in  the  investigation  consisted  in  a  study  of  the  in- 
fluence of  various  fertilizer  ingredients  upon  the  processes  of  oxida- 
tion already  demonstrated.  It  is  a  fact  recognized  in  the  practice  of 
agriculture  that  certain  substances,  such  as  lime  or  gypsum,  employed 

o  Buls.  28,  36,  and  40,  Bureau  of  Soils,  U.  S.  Dept.  Agr. 
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as  fertilizers  produce  beneficial  results  disproportionate  to  their 
possible  function  as  nutrients.  Also,  that  substances  possessing  high 
value  as  nutrients  produce  beneficial  effects  even  when  analysis  shows 
that  both  soil  and  plant  already  contain  comparatively  large  amounts 
of  the  identical  element  in  question. 

When  this  point  was  reached  the  inquiry  naturally  presented  itself 
as  to  whether  the  various  fertilizer  ingredients  used  for  increasing 
plant  growth  had  an  effect  upon  the  oxidizing  powers  of  the  roots 
growing  in  solutions  or  soil  extracts  to  which  the  salts  had  been 
added.  For  the  purpose  of  studying  these  effects  the  chemically  pure 
saHs  were  added  to  extracts  of  soils  which  were  known  to  be  improved 
,for  plant  growth  by  the  addition  of  the  salts  in  question.  Wheat 
plants  were  grown  in  the  soil  extracts  for  eight  to  fourteen  days  by 
the  culture  method  previously  described ;  then  the  oxidizing  power  of 
the  culture  solutions  (with  the  plants  in  them)  was  tested  by  adding 
a  suitable  chrpmogen  and  quantitatively  determining  the  intensity  of 
the  colors  resulting  from  the  oxidation  of  the  chromogen. 

The  first  class  of  compounds  whose  action  was  studied  was  that 
containing  nitrogen.  The  application  of  nitrogenous  compounds  to 
the  medium  usually  produces  a  beneficial  effect  upon  the  plants  grown 
in  it.  The  agricultural  problem  of  fertilization  for  many  soils  lies 
in  the  selection  and  application  of  suitable  forms  of  nitrogen.  It  has 
been  found  profitable,  accordingly,  to  study  the  effect  of  certain  salts 
which  are  known  to  act  more  or  less  beneficially  upon  the  growth  of 
plants  in  soil  and  solution  cultures.  In  practice  the  inorganic  com- 
pounds most  commonly  used  are  sodium  nitrate  and  ammonium 
sulphate. 

A  comparative  study  of  the  effects  of  different  forms  of  nitrate 
was  made  upon  Arlington  clay  loam,  a  soil  which  has  been  found  to 
respond  to  the  application  of  nitrates.  The  sodium,  potassium,  and 
calcium  salts  were  used,  selecting  amounts  which  gave  equal  concen- 
trations of  XO3  in  each  solution.  The  increase  in  oxidizing  powers 
due  to  the  addition  of  the  nitrates  is  shown  in  Table  VIII,  where  the 
increases  in  growth  are  also  shown  for  the  sake  of  comparison. 

Table  VIII. — Relative  growth  and  oxidizitig  power  resulting  from  the  addition 
of  different  forms  of  nitrate  to  extract  of  Arlington  clay  loam.  Growth  ex- 
pressed in  terms  of  relative  transpiration. 

[P.  p   m.=»parts  per  million.] 


No. 


1 
2 
8 
4 


Culture. 


Soil  extract  untreated 

Same  +  100  p.  p.  m.  NOs  a8  Na  NOs . . 
Same  + 100  p.  p.  m.  NO^as  KNOa .... 
Same  +  lUO  p.  p.  m.    NOs  as  Ca  (NOs)s 


Relative    Relative 
growth,  oxidation. 


100 
ISO 
104 
112 


82 
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The  results  of  this  experiment,  which  indicate  that  potassium  nitrate 
is  less  favorable  to  the  oxidation  processes  than  sodium  nitrate  or 
calcium  nitrate,  was  supplemented  by  another  experiment  with  sodium 
Und  potassium  nitrate  upon  three  different  soil  extracts. 


Table  IX. — Percentage  increase  in  oxidation  resulting  from  the  addition  of 
nitrate,  as  sodium  nitrate  and  potassium  nitrate,  to  various  soU  extrctcts. 


No. 


1 
2 
3 


Cultarc. 


Miami  black  clay  loam 

Penn  clay 

Lyona  silt  loam 

Average 


Increase 
due  to  ad- 
dition of 
NaNOi. 


58 
50 
62 


Increase 

due  to  ad' 

dition  of 

KNOs. 


67 


-2» 
38 


2» 


The  outcome  of  these  experiments  is  supported  by  the  results  of 
many  which  follow  in  subsequent  pages,  showing  that  potassium  salts 
are  less  favorable  to  oxidation  than  either  the  sodium  or  calcium  salts 
of  the  same  acid.  Concerning  the  comparative  effects  of  sodium  and 
calcium  the  data  are  not  sufficient  to  allow  of  any  general  statements. 

The  comparative  effects  of  various  forms  of  nitrogen  were  show^n 
by  an  experiment  employing  three  different  nitrates  in  the  extract  of 
Cecil  sandy  loam.  The  nitrate  was  added  in  each  case  at  the  rate  of 
50  parts  per  million  of  NO3  (11.3  parts  of  N).  By  previous  experi- 
ments it  had  been  found  that  this  soil  was  beneficially  affected  by  the 
addition  of  nitrogenous  fertilizers.  The  effect  of  these  salts  upon 
the  growth  and  oxidizing  power  of  plants  grown  in  the  soil  extract  is 
shown  in  Table  X. 

Tablk  X. — Effect  of  nitrates  upon  groicih  and  oxidation  in  extract  of  CecU 
sandy  loam.    Growth  expressed  in  terms  of  relative  transpiration. 


No. 


1 
2 
3 
4 


Culture. 


Extract  Cecil  sandy  loam 

Same  -|-  sodium  nitrate  (11.3  p.  p.  m.  N. ) . . 
Same  +  potassium  nitrate  ( 11.3  p.  p.  m.  K ) 
Siime  +  calcium  nitrate  (11.3  p.  p.  m.  N) . . . 


Relative 
growth 


100 
197 
152 
170 


Relative 
oxidation. 


100 

147 

90 

280 


In  this  experiment,  as  in  the  preceding,  potassium  nitrate,  although 
materially  increasing  growth,  was  slightly  unfavorable  to  oxidation ; 
but  sodium  and  calcium  nitrate  were  both  responsible  for  considerable 
increase  in  oxidation. 

An  experiment  to  show  the  comparative  action  of  sodium  nitrate 
and  ammonium  sulphate  was  made,  using  an  extract  of  Arlington  clay- 
loam.  This  experiment  ran  eleven  days,  and  the  oxidation  was  esti- 
mated at  its  termination  by  the  use  of  phenolphthalin.     The  per- 
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centage  increases  in  growth  and  oxidation  caused  b)'  the  addition  of 
sodium  nitrate  were  90  and  38,  respectively ;  the  increases  due  to  the 
addition  of  ammonium  sulphate  were  16  and  13,  respectively.  From 
these  data  it  appears  that  the  beneficial  action  of  ammonium  sulphate 
in  solution  culture  was  slight  in  respect  to  both  growth  and  oxidation. 
In  the  next  experiment  upon  the  action  of  nitrogenous  bodies, 
sodium  nitrate  was  added  to  extracts  of  soils  obtained  from  various 
localities.  The  list  of  soils  is  given  in  Table  XI,  where  the  effects 
of  the  nitrate  upon  growth  and  oxidation  is  expressed  by  figures, 
which  show  the  percentage  increase  in  each  case  over  the  untreated 
soil  extract. 


Table  XI. — Percentage  increase  in  growth  and  oxidizing  power  of  plants  re- 
sulting from  the  addition  of  sodium  nitrate  to  various  soil  extracts.  Growth 
expressed  in  terms  of  relative  transpiration. 


No. 


Culture. 


1 
2 

3 
4 

6 
<> 
7 
8 
9 
10 


Arlington  clay  loam  (nverajfo  of -I  cxporinu'msi . . . 
Miami  black  cluy  loam  (uvcriiKe  of  2  ex|K>rimi>iits) 

Penn  clay 

Lvona  f*ilt  loam 

clarksville  hUt  loam 

Elkton  silt  loam 

Cecil  fine  samly  loam 

Hii^erstown  loam 

Dutchess  silt  loam 

(Veil  sandy  loam 

Average 


Percentage 

increase  Tu 

growth. 

Percenttifire 
increase  in 
oxidation. 

21 
19 

-25 
81 
40 
29 
12- 
12 
4 

109 

69 

S6 

50 

62 

12 

115 

25 

49 

—  81 

221 

30.2 

60.5 

With  one  exception  the  experiments  smnniarized  in  the  above 
table  all  show  a  marked  increase  in  oxidizing  activity  accompanying 
the  addition  of  sodium  nitrate  to  the  soil  extract.  This  is  especially 
.striking  in  No.  3,  where  in  the  duration  of  the  experiment  the 
growth  of  the  plant  was  not  increased  by  the  presence  of  the  nitrate, 
but  actually  retarded ;  nevertheless  the  oxidation  was  in  this  case  dis- 
tinctlv  increased.  The  average  result  shows  an  increase  in  oxidation 
of  60.5  per  cent  as  the  effect  of  adding  sodium  nitrate  to  the  soil  ex- 
tracts. It  will  be  noted  that  the  relation  between  the  growth  and 
oxidizing  power  is  not  a  constant  one,  although  when  one  is  increased 
the  other  usually  shows  an  increase.  From  our  present  knowledge 
of  the  processes  affected  by  the  presence  of  such  a  salt  as  sodium 
nitrate  this  result  is  not  inconsistent.  In  the  first  place  the  nitro- 
gen is  capable  of  increasing  growth  because  it  is  taken  up  by  the 
plant  and  enters  directly  into  the  composition  of  important  con- 
stituents of  the  protoplasm.  By  increasing  growth  and  simultane- 
ously accelerating  various  vital  processes  in  the  plant,  it  is  quite 
probable  that  the  production  and  secretion  of  peroxidase  would  be 
thereby  increased,  but  it  is  probable  that  the  salt  would  have  also  a 
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direct  action  upon  the  peroxidase  in  the  sohition,  as  will  be  subse- 
quently shown. 

The  addition  of  calcium  carbonate  to  culture  solutions  in  which 
plants  are  growing  usually  results  in  a  /2:reat  increase  in  root  de- 
velopment. This  effect  of  calcium  salts,  which  was  first  shown  by 
Wolf,"  has  also  been  shown  to  hold  for  plants  grown  in  soil  extracts 
by  the  writers,^  with  the  further  observation  that  the  transpiration 
of  wheat  plants  is  markedly  increased  by  the  addition  of  calcium 
carbonate. 

In  studying  the  effect  of  this  salt  upon  the  oxidizing  power  of 
roots,  it  was  added  to  the  extracts  of  various  soils  which  responded 
in  a  gi'eater  or  less  degree  to  the  application  of  lime  in  the  field  or 
in  pots.  The  salt  was  added  to  the  soil  extracts  at  the  rate  of  2,000 
parts  of  calcium  carbonate  to  a  million  of  solution  at  the  time  of  in- 
stalling the  young  plants.  There  was  always  stime  undissolved  salt 
in  the  bottcmi  of  the  culture  bottles  and  this  mav  have  increased 
root  growth  slightly  as  a  result  of  its  power  to  absorb  deleterious 
substances. 

The  i)ercentage  increase  in  growth  and  oxidation  due  to  the  addi- 
tion of  calcium  carbonate  to  four  different  soil  extracts  are  shown  in 
Table  XII. 


Table  XII. — Percentage  increase  in  grotcth  and  oxidation  resulting  from  the 
addition  of  ealeium  earhonate  to  varioux  soil  ertraetn.  (irowth  crprcsned  in 
terms  of  relative  transpiration. 


No. 


Culture. 


Peroentajfe  Percentage 
increaKC   |  increa.se  In 
in  growth,   oxidation. 


1  Cecil  fine  sandy  loam 

2  '  Hagersiown  loam 

3  ,  Dntchess  silt  loam 

1     Cecil  stindy  loam 


34  ! 

IfiO 

SM 

250 

12 

^ 

96 

4S4 

The  additi(m  of  this  substance  materiallv  increased  not  only  the 
growth  of  the  plants  but  also  their  oxidizing  powers.  The  amount 
of  increased  oxidation  seems  more  nearly  comparable  to  that  arising 
from  treating  the  soil  extracts  with  absorbing  agents  like  carbon 
black  and  ferric  hvdrate  than  to  any  other  treatment  used  in  these 
experiments. 

Further  observations  upon  the  oxidizing  power  of  plants  in  solu- 
tions containing  calcium  carbonate  showed  that  it  caused  more  or  less 
oxidation  of  the  chromogen  independently  of  plant  action.  A  part 
of  this  alteration  was  due  to  the  fact  that  in  the  slightly  alkaline 

«I.aii(iw.   Vers-Stat.,  6,  203    (18(U). 

''Bill.  40,  Bureau  of  Soils,  U.  S.  Dept.  Agr. ;  Jour.  Am.  C'liem.  Soc.  30,  85 

aoos). 
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solutions  there  was  more  rapid  oxidation  by  atmospheric  oxygen. 
The  oxidation  due  to  the  mere  presence  of  the  calcium  carbonate  in 
the  extract  was,  however,  not  found  to  be  sufficient  to  account  for  the 
results  which  have  been  recorded  in  Table  XIL  As  a  means  of  com- 
parison, experiments  were  made  using  other  salts  of  calcium. 

The  nitrate,  carbonate,  and  sulphate  of  calcium  were  added  to 
different  portions  of  an  extract  of  Cecil  sandy  loam  which  were  used 
as  culture  solutions  for  plants.  The  calcium  nitrate  was  added  at  the 
rate  of  66  parts  per  million,  the  calcium  carbonate  in  excess  of  solu- 
bility as  before,  and  the  calcium  sulphate  at  the  rate  of  200  parts  per 
million.  Table  XIII  presents  the  effect  of  these  salts  upon  growth 
and  oxidation,  expressing  that  of  the  control  as  100. 

Table  XIII. — Relative  growth  and  oxidation  in  extract  of  Cecil  sandy  loam 
due  to  the  addition  of  calcium  nitrate,  carbonate,  and  sulphate.  Orowth 
expressed  in  terms  of  relative  transpiration. 

[P.  p.  m.=parts  per  million.] 


No. 


1 
2 
3 
4 


cu't-«-  !  ^S'vJlr 


Soil  extract  untreated 

Same  +  66  p.  p.  m.  Ca(N03)2 

Same  +  CaCOs  (excess) 

Same  +  200  p.  p.  m.  CaSO^  . . 


Relative 
oxidation. 


100  ,  100 

173  207 

214  '  192 

194  :  497 


From  the  above  results  it  seems  quite  certain  that  the  beneficial 
action  of  calcium  carbonate  upon  oxidation  is  not  primarily  due  to 
its  alkalinity.  It  will  be  noted  that  calcium  carbonate  was  responsi- 
ble for  somewhat  greater  growth  than  either  of  the  other  two  cal- 
cium salts  added,  yet  the  relative  oxidizing  power  of  the  cultures  to 
which  it  was  added  was  no  greater  than  the  others — in  fact  was 
slightly  less  than  that  of  the  calcium  nitrate  and  much  less  than  that 
of  the  neutral  calcium  sulphate. 

In  the  study  of  the  effect  of  potassium  salts  on  oxidation  these 
salts  were  added  directly  to  the  soil  extracts  at  the  rate  of  35  parts 
of  potassium  per  million  of  solution.  Experiments  were  made  with 
the  two  forms  of  potassium  which  are  most  frequently  used  in  agri- 
cultural practice,  viz,  sulphate  and  chloride.  The  effect  of  these 
salts  upon  oxidation  is  given  in  Tables  XIV  and  XV. 

Potassium  salts  affect  the  growth  of  wheat  plants  differently  from 
most  other  salts.  It  has  been  noted  in  all  of  the  work  in  which  wheat 
plants  have  been  used  that  potassium  sulphate  or  chloride  usually 
favors  the  growth  of  the  tops  of  the  plant  much  more  than  the  roots. 
In  fact,  the  improvement  in  growth  is  often  manifested  only  by  the 
tops,  while  the  roots  make  no  better  growth  than  in  the  untreated  soil 
extracts.  Coincident  with  this  relation  lies  the  diminished  transpira- 
tion which  is  exhibited  by  the  plants  in  solutions  containing  the  potas- 
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siuin  salts,  the  amount  of  water  transpired  per  unit  of  green  weight 
produced  being  considerably  lower  than  that  required  for  a  unit  of 
green  weight  in  the  control  cultures.^  This  effect  of  potassium 
salts  is  so  great  that  in  reporting  this  series  of  experiments  it  was 
found  better  to  use  the  green  weight  of  tops  than  the  transpiration. 

Table  XIV. — Percentage  increase  in  ffrowth  and  oxidation  resulting  from  the 
addition  of  potansium  an  potassium  sulphate  to  extracts  of  various  soils, 
(irourth  expresMcd  in  terms  of  relative  green  tceight  of  tops. 


Percentage 
No.  Culture.  inrreane 

in  growth. 


1 
2 
8 
4 
5 
6 
7 


Percentage 
increase  In 
oxidation. 


Arlington  clay  loam 2  -  27 

Miami  black  clay  lonm 25  7 

IVnn  clay 5  17 

Lyon.s  Hilt  loam  (aveniKt*  of  3  cxperimcntM) 14  48 

Merrimac  fine  nandy  lowm 1  —27 

Marahall  clay  loam 27  0 

Hagerstown  loam 8  8 


Averaire ,  11.7  3. 7 


Table  XV. — Percentage  increattc  in  groicth  and  oxidation  resulting  from  the 
addition  of  potassium  as  potassium  chloride  to  extracts  of  various  soils. 
Grotcth  expressed  in  terms  of  relative  green  iceight  of  tops. 


No. 


Culture. 


1  Arlington  clay  loam 

2  I  Miami  black  clay  loam 

3  ■  IVnn  clay , 

4  '  Ivvons  silt  loam  (aveniifc  of  three  experiments) . 

5  '  >lerrimac  fine  sfuidy  loam 

6  <M»irksviHe.Mlt  loam 

7  j  Elktonpilt  loam 

8  '  ( -ecll  tine  sandy  loam 

9  IlagerHtown  loam  (average  of  two  experimen(x) , 
10  I  Cecil  ^andy  loam 


Percentage 

increase 

In  growth. 


Percentage 

increa.«?ein 

oxidation. 


26 

27 

11 

-  6 

0 

29 

31 

68 

80 

-21 

8 

-  9 

11 

-  5 

17   . 

-45 

19 

--  8 

21   1 

-20 

Average ;  22. 7  j  0 


The  influence  of  potassium  salts  upon  the  oxidizing  powers  of 
plant  cultures  appears  to  differ  in  several  ways  from  that  of  the  two 
compounds  just  descril)ed.  This  may  in  part  be  the  natural  result 
of  the  way  in  which  potassium  salts  affect  the  growth  of  wheat  plants, 
as  pointed  out  above. 

The  results  reported  in  these  tables  show  quite  <5onclusively  that 
the  effect  of  potassium  salts  on  the  soil  extracts  named  was  not  bene- 
ficial to  oxidation.  In  a  majority  of  the  cases  where  potassium  chlo- 
ride was  added  there  was  less  oxidation  than  in  the  untreated  soil 
extract,  although  on  the  whole  the  response  in  plant  growth  was 

«  See  also  Hartwell,  Wheeler,  and  Pember,  20th  Rei)ort,  R.  I.  Agr.  Expt  Sta., 
p.  290  (1907). 
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greater  than  when  potassium  sulphate  was  applied  to  the  soil  ex- 
tracts. The  result  of  the  ten  experiments  shows  that  potassium 
chloride  was  quite  beneficial  to  growth,  but  its  general  eflFect  was  to 
diminish  oxidation  in  these  soil  extracts.  In  the  seven  experiments 
upon  the  effect  of  potassium  sulphate,  practically  the  same  conditions 
were  found  to  prevail.  It  is  true  that  oxidation  was  usually  greater 
than  in  the  untreated  extracts,  but  in  comparison  with  the  increase 
produced  by  sodium  nitrate  or  calcium  carbonate  the  average  effect 
must  be  regarded  as  very  small. 

The  question  arises,  especially  in  view  of  the  influence  which  acid 
conditions  are  later  shown  to  exert  upon  these  oxidizing  enzymes, 
whether  the  small  amount  of  oxidation  may  not  be  due  to  acid  condi- 
tions in  the  soil  extracts  to  which  potassium  salts  were  added.  The 
plants,  as  the  result  of  their  power  of  selective  absorption,  withdrew 
potassium  from  the  solution  more  rapidly  than  they  drew  sulphate  or 
chlorides,  thereby  producing  slightly  acid  conditions  in  -the  originally 
neutral  solution.  This  question  was  answered  in  the  negative  by 
three  different  experiments.  In  the  first  place,  by  neutralizing  the 
culture  solution  containing  these  salts  before  testing  its  oxidizing 
powers  the  oxidizing  power  was  still  low. 

Another  line  of  evidence  was  afforded  by  comparing  the  increases 
in  oxidation  due  to  the  addition  of  three  different  salts  of  potassium, 
namely,  the  nitrate,  chloride,  and  sulphate.  When  plants  are  grown 
in  a  solution  containing  potassium  nitrate,  they  remove  the  acid  radi- 
cal more  rapidly  than  the  basic,  although  both  are  readily  taken  up. 
As  a  result  the  solution  of  KNO3  becomes  slightly  alkaline,  while 
KCl  and  KjSO^  solutions  would,  as  just  pointed  out,  become  slightly 
acid. 

Table  XVI  presents  the  results  of  a  comparison  between  the  re- 
sults produced  by  the  addition  of  these  three  salts  to  different  soil 
extracts. 

Table  XVI. — Comparison  of  the  effects  of  potassium  nitrate,  sulphate,  and 

chloride  upon  oxidation  in  various  soil  extracts. 


No. 


1 
2 
3 


Culture. 


Penn  clay 

Arlington  clay  loam 

Lyons  silt  loam  (average  of  two  experiments) 


Average. 


Percentage  Percentage  Percentage 
increase       increase    i    increase 


due  to 
KNO3. 


due  to 
KCl. 


Si 
45 
16 


31  I 


due  to 
K,S04. 


29 
27 
22 


17 
4i 


26 


30 


From  the  results  here  presented  it  appears  that  potassium  chloride 
and  sulphate,  although  producing  slightly  acid  conditions,  are  not 
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materially  less  efficient  in  promoting  the  oxidizing  power  of  plants 
in  soil  extracts  than  potassium  nitrate  when  added  to  the  same  ex- 
tracts. Moreover,  these  results  are  in  harmony  with  those  already 
given  in  connection  with  the  comparison  of  potassium  nitrate  with 
other  nitrates  where  it  was  also  shown  that  the  potassium  had  this 
same  retarding  effect  upon  oxidation. 

As  a  final  test  an  ex[)erinient  was  made  in  which  potassium  was 
furnished  in  the  form  of  the  hydroxide.  At  the  dilution  in  which  it 
was  used  N/1000  potassium  hydroxide  exerts  no  harmful  action  upon 
wheat  plants.  A  solution  of  N/1000  sodium  hydroxide  was  used  in 
other  cultures  for  comparison.  The  results  of  this  experiment  are 
shown  in  Table  XVII. 

Tablk  XVII. — Relative  ffroirth  and  oxidation  resulting  from  the  additUm  of 
potanxium  and  sodiuw  hydroxideH  to  extraet  of  HagerHtown  loam,  Ovotrth 
expressed  in  terms  of  relative  green  iveight. 


1 1',  p.  m.=part8  prr  million.] 


I 


No.  Culture 


Relative !  Relative 
growth,  oxidation. 


1  Kxlmct  Hnperstown  loam 100 

2  I  Same-^NV HKX»  KOH  (:W  p.  p.  ni.  K ) I  181 


3 


.'ianie  +  NV  10(l()  NaOH  (SS  p.  p.  m.  .Na) I  166 


100 

83 

112 


The  potassium  hydroxide  produced  a  large  increase  in  growth  in 
this  exj)eriment,  but,  as  was  the  case  with  other  potassium  com- 
pounds, caused  a  small  amount  of  oxidation.  Sodium  hj^drate, 
though  less  beneficial  to  growth,  is  nnich  more  beneficial  to  oxidation. 

It  seems  to  l^  logical  to  conclude  from  these  different  experi- 
ments that  the  action  of  potassium  is  not  highly  conducive  to  oxida- 
tion in  the  majority  of  instances.  This  property  api:)ears  to  be 
quite  independent  of  the  salt  which  is  used. 

Many  of  the  soils  at  our  disposal  were  found  to  give  material 
responses  to  the  application  of  phosphates,  both  to  the  soil  itself  and 
to  aqueous  soil  extracts.  In  most  cases  the  increased  growth  of 
plants  following  the  application  of  phasphates  was  shown  by  an 
improvement  both  in  root  and  top  growth,  except  in  a  few  cases 
where  the  acid  monocalcium  phosphate  was  used.  There  the  root 
growth  was  very  poor,  due  to  the  acid  condition  of  the  solution. 

The  effect  of  three  of  the  different  phosphates  was  first  determined 
by  recording  the  growth  and  oxidizing  power  of  plants  grown  in 
aqueous  solutions  of  the  respective  phosphate  salts.  The  solutions 
were  made  up  so  that  each  contained  50  parts  per  million  of  PO^. 
Plants  were  installed  in  the  cultures  April  18  and  grew  until  April 
30.  On  the  last-named  day  100  mg.  of  aloin  were  added  to  each 
bottle  and  the  red  colors  resulting  from  oxidation  w^ere  estimated  on 
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the  following  clay.  The  growth  and  oxidation  relative  to  the  controls 
in  distilled  water  are  shown  in  Table  XVIII,  the  control  being  taken 
as  100. 

Table  XVIII. — (iroirth  and  ovulation  resulting  from  the  addition  of  various 
phosphates  to  distilled  irater.  (iroirth  expressed  in  terms  of  relative  tran- 
spiration. 

I  r.    \i.    in.=^^i»arls   jxt   million.] 


Xo.  Culture. 


Relative     Rolntlvc 
'  growtli.  oxhlution. 


1  Control  in  distilled  water 

2  50  p.  p.  in.  V( U  as  KjH  l»0< 

3  iVOp.p.m.  I*(>4aMNHjHIH)«... 

4  50  p.  p.  m.  P()4  as  CttH4  (PO*  2. 


I 


100 

100 

114 

62 

ir)0 

140 

77 

ri9 

The  effect  of  the  potassium  phosphate,  while  distinctly  beneficial 
to  gi'owth.  was  not  beneficial  to  oxidation,  but  actually  retarded  it, 
wheras  sodium  phosphate  in  an  equal  amount  was  distinctly  bene- 
ficial both  to  growth  and  oxidation.  This  result  is  in  harmony  with 
results  given  on  a  previous  page,  where  the  effect  of  sodium  salts  upon 
oxidation  was  show  n  to  l)e  more  beneficial  than  that  of  the  correspond- 
ing potassium  salts.  The  acid  calcium  phosphate,  which  exerted  a 
depressing  effect  on  growth,  also  exerted  a  depressing  effect  upon 
oxidation,  probably  due  to  its  acidity. 

Following  these  obsei'^ations,  experiments  were  made  for  the  pur- 
pose of  determining  the  effect  on  oxidation  produced  by  adding  a 
phosphate  to  aqueous  extracts  of  various  soils.  The  salt  chosen  for 
this  purpose  was  sodium  phosphate,  since  it  was  found  to  act  favor- 
ably upon  growth.  The  sodium  phosphate  was  added  to  the  soil 
extracts  at  the  rate  of  50  parts  of  PO4  per  million.  Table  XIX 
shows  the  percentage  gain  in  growth  and  oxidation  in  these  experi- 
ments. 

Tablk  XIX. — Pereentaffe  inereuse  in  yroicth  and  oxidation  resulting  from  the 
addition  of  sodium  phosphate  to  extraets  of  various  soils,  (iroivth  expressed 
in  terms  of  relative  transpiration. 


No.  I  Culture, 


Percentnpo  Percentage 
increase  in  increase  ui 


growth. 


1 
2 

:j 

4 
ft 
6 
I 

8 
9 


Miami  black  clay  loam 1  22 


oxidation. 


131 


Miami  silt  loam >  54  '  —  33 


Mar-hall  clay  loam 42 

Clarksville  silt  hmm 52 

Sa»<afri»«  silt  loam 16 

Klkton  silt  loam 77 

HagerHtown  loam 12  1 

Dutchess  silt  loam |  1  ' 

Cecil  8ti.ndy  loam •. 2 


Average j  31 


36 
—  23 
19 
92 
34 
12 
88 


39.5 
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The  addition  of  sodium  phosphate  appears,  on  the  whole,  to  have 
been  distinctly  beneficial  to  oxidation  as  well  as  to  growth.  In  two 
cases  there  was  a  material  increase  in  oxidation,  where  there  was  only 
slight  increase  in  growth,  although  it  is  entirely  possible  that  this 
is  due  to  the  fact  that  these  particular  results  were  obtained  in 
cloudy  weather  in  January  from  experiments  continued  for  only  nine 
days.  In  a  longer  period  the  growth  might  also  have  been  beneficially 
affected.  In  the  case  of  Miami  silt  loam  and  Clarksville  silt  loam, 
the  addition  of  sodium  phosphate  to  the  extracts  produced  a  material 
increase  in  growth,  but  not  in  oxidation.  The  reason  for  this  dif- 
ference seems  to  be  rather  obscure,  but  is  most  capable  of  explana- 
tion upon  the  existence  of  a  toxic  compound  in  these  soil  extracts" 
whose  deleterious  action  upon  growth  may  have  been  largely  over- 
come by  the  addition  of  the  sodium  phosphate,  but  still  remained 
inhibitory  to  oxidation.  In  all  the  other  cases  the  addition  of  sodium 
phosphate  caused  material  increase  in  the  oxidation  accomplished 
by  the  plants  in  the  soil  extracts  as  well  as  in  the  plant  growth.  An 
average  of  all  the  results  shows  that  sodium  phosphate  has  a  bene- 
ficial effect  upon  oxidation. 

While  chlorine  is  not  one  of  the  essential  constituents  of  the  ash 
of  plants,  it  occurs  in  most  plants  and  many  agricultural  soils  are 
benefited  by  application  of  sodium  chloride. 

Wollny  ^  found  that  the  addition  of  chlorides  to  the  soil  dimin- 
ished the  rate  of  oxidation  of  organic  material.  The  effect  of  the 
addition  of  potassium  chloride  to  soil  extracts  was  not  materially 
different  from  the  effect  of  the  nitrate  or  sulphate  as  shown  by 
Table  XVI.  The  use  of  potassium  chloride  may  be  open  to  some 
objections,  since  potassium  has  been  shown  to  depress  the  oxidizing 
power  of  roots;  consequently  sodium  chloride  was  tried  in  several 
different  soil  extracts,  as  Table  XX  indicates. 

Table  XX. — Percentage  increase  in  f/rr/wth  and  oxidation  in  various  soil  ex- 
tracts, due  to  the  addition  of  sodium  ehloridr,  (irowth  expressed  in  terms  of 
relative  transpiration. 


No. 


1 
2 
3 

4 


Culture. 


Miami  black  clay  lc«ini , 

Punn  clay 

Lyons  sift  loam  (average  of  3  experlmeDti<), 
Dunkirk  loam , 

Averages 


Relative 
growth. 

22 

19 

0 

-  1 

Relative 
oxidation. 

94 

80 

12 

—  29 

10 

S9 

<»  A  toxic  compound  has  been  isolated  from  this  sample  of  Clarksville  silt  loam 
and  identified  as  dihydryxy stearic  acid.  See  Schreiner  and  Shorey,  lUil.  53, 
Bureau  of  Soils.  T.  S.  Dopt.  Apr.,  11)08:  Jour.  Am.  Chem.  Soc.,  80,  1509  (1908). 

^  Wollny,  Die  Zersetzung  der  organlscheu  Stoffe  und  die  Humusbildungeu, 
Heidelberg,  1897. 
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The  effect  of  sodium  chloride  appears,  from  these  experiments,  to 
be  distinctly  beneficial  to  the  oxidizing  power  of  plant  roots  and  to 
confirm  the  results  of  the  experiments  in  which  potassium  chloride 
was  used.  Although  in  one  instance  the  sodium  chloride  decreased 
the  oxidation,  the  average  response  for  the  four  soil  extracts  w^as 
well  marked  and  lay  in  the  positive  direction. 

The  action  of  sulphates  upon  oxidation  has  already  been  shown 
in  Table  XVI,  where  a  comparison  was  made  between  the  nitrate, 
chloride,  and  sulphate  of  potassium,  as  well  as  from  Table  XIV, 
where  the  results  with  potassium  sulphate  are  shown.  The  effect  of 
sulphate  as  sodium  sulphate  was  studied  in  four  different  soil  extracts. 
The  result  upon  growth  and  oxidation  is  shown  in  Table  XXI. 

Table  XXI. — Percentage  increase  in  growth  and  oxidation  in  various  soil 
extracts  due  to  the  addition  of  sodium  sulphate.  Growth  expressed  in  terms 
of  relative  transpiration. 


No. 


1 
2 
8 
4 


Culture. 


Clyde  sandy  loam 

Penn  clay 

Lyons  silt  loam  (average  of  three  experiments). 
Dunkirk  loam 

Average , 


Percentage,  Percentage 
increase  in  I  increase  in 


growth. 


oxidation. 


12 

23 

-27 

8« 

12 

11 

-  1 

-47 

18 


From  the  average  result  it  would  appear  that  sodium  sulphate  is 
but  slightly  beneficial  to  growth  and  oxidation,  but  the  average  is 
low  on  account  of  the  retardation  obtained  in  No.  4.  If  this  result 
were  omitted,  the  average  would  be  40,  a  figure  indicating  a  distinctly 
beneficial  effect  on  oxidation.  In  the  case  of  the  action  of  the  sodium 
sulphate  the  retarding  action  of  the  potassium,  as  in  Table  XIV,  is 
of  course  entirely  obviated. 

In  general  sodium  sulphate  has  a  slightly  beneficial  effect  upon 
the  oxidizing  power  of  plants. 

The  data  presented  in  the  foregoing  tables  shows  that  the  oxidizing 
powers  of  the  plants  were  beneficially  affected  by  the  addition  of 
certain  salts  to  the  cultures.  In  most  cases  where  oxidation  was  in- 
creased, plant  growth  was  also  increased,  but  not  always,  nor  indeed, 
in  anything  like  a  strict  proportion. 

Further  consideration  of  the  conditions  of  experimentation  shows 
that  the  increased  oxidation  observed  was  not  due  in  any  considerable 
degree  to  the  increased  growth  and  oxidation  by  soil  bacteria,  since 
all  the  soil  extracts  were  filtered  through  Pasteur-Chamberland  tubes, 
which  were  frequently  heated  to  a  high  temperature  over  a  Bunsen 
fiame.  The  number  of  soil  bacteria  in  the  solution  would  therefore 
he  small  and  their  action  negligible  for  the  purpose  of  the  present 
discussion. 
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It  seems  more  logical  to  conclude  that  the  effect  of  the  salts  added 
was  to  activate  the  enzymes  which  caused  the  oxidation  and  thus  to 
produce  an  acceleration.  In  view  of  the  important  activating  effect 
which  certain  salts  are  known  to  exert  upon  digestive  enzymes  in  the 
animal  organism,  it  seems  very  probable  that  they  play  a  similar  role 
in  this  case.  For  example,  the  presence  of  calcium  chloride  acceler- 
ates the  action  of  pancreatic  juices.  Recently  it  has  been  shown  that 
salts  may  exercise  a  "  protective ''  function  for  certain  enzymes. 
Thus,  Ford  and  Guthrie  *»  found  in  course  of  a  study  of  the  amylase 
of  resting  barley  that  digestion  of  barley  with  sodium  chloride, 
potassium  sulphate,  potassium  dihydrogen  phosphate,  calcium  chlo- 
ride, calcium  sulphate,  glycine,  asparagine,  or  alanine  results  in  an 
increased  diastatic  activity.  The  authors  hold  the  view  that  the 
enzymes  would  have  little  activity  were  it  not  for  the  small  amounts 
of  soluble  salts  in  the  extract.  They  found  that  when  barley  grains 
were  soaked  in  w^ater  for  about  forty-eight  hours,  and  then  ground 
and  extracted,  the  enzyme  activity  was  low,  owing,  not  to  the  solution 
of  enzyme  as  the  result  of  the  first  soaking,  but  to  the  removal  of  salts 
and  other  substances  which  help  to  dissolve  and  protect  the  amylase 
during  the  extraction  of  the  ground  grain. 

Extracts  containing  papain,  bromelin,  or  animal  trypsin  exhibited 
greater  diastatic  activity  than  extracts  containing  only  the  amylase, 
although  such  enzymes  were  proved  to  be  devoid  of  amyloh'tic 
activity  in  themselves.  It  was  found,  however,  that  boiled  solutions 
of  papain  gave  a  marked  increase  in  activity  without  corresponding 
solution  of  nitrogenous  material.  The  authors  believe  that  the  re- 
sults indicate  that  the  amphoteric  proteins  in  the  papain  prevent  the 
destruction  of  amylase  which  would  occur  under  other  conditions  of 
extraction. 

The  length  of  the  roots  as  a  factor  in  influencing  the  amount  of 
oxidation  is  a  question  which  should  apparently  be  considered,  since 
in  some  cultures  the  roots  attained  greater  development  than  in  others. 
A  consideration  of  the  actual  modus  by  which  oxidation  is  accom- 
plished, however,  makes  this  question  one  of  minor  importance.  It 
has  already  been  shown  that  when  chromogens  which  upon  oxidation 
yield  insoluble  dyestuffs  are  employed,  the  greatest  amount  of  oxida- 
tion is  shown  to  occur  on  the  apical  region  of  the  root  and  that  the 
older  portions  of  the  roots  accomplished  relatively  much  less  oxida- 
tion. Since  none  of  the  roots,  in  the  time  of  the  experiments,  showed 
any  extensive  development  of  branches,  it  seems  logical  to  conclude 
that  the  length  of  the  roots  in  itself  would  have  a  very  minor  effect 
upon  the  amount  of  oxidation,  but  that  their  physiological  condition 
would  be  of  much  greater  importance. 

«  Jour.  Inst.  Brewing,  14,  61  (1908). 
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EFFECT   OF   TOXIC    COMPOUNDS    UPON    OXIDATION. 

Aside  from  the  foregoing  experiments,  in  which  there  were  used 
extracts  of  soils  which  displayed  toxic  qualities  toward  plants,  a  few 
investigations  were  made  upon  the  action  of  organic  compounds 
whose  toxic  properties  had  been  previously  determined. 

The  organic  compounds  employed  for  this  purpose  were  vanillin, 
cumarin,  and  santonin.  The  compounds  were  dissolved  in  distilled 
water  and  the  resulting  solutions  used  as  cultures,  taking  care  that 
the  concentrations  chosen  were  not  so  great  as  to  be  fatal  to  w'heat 
plants  within  the  duration  of  the  experiment.  Vanillin  was  used 
at  the  rate  of  100  parts  per  million,  cumarin  10  parts  per  million,  and 
santonin  in  a  saturated  solution,  which  was  nearly  100  parts  per  mil- 
lion.  The  growth  of  the  plants  as  measured  by  transpiration  and 
stated  in  figures,  taking  the  growth  of  similar  plants  in  distilled 
water  as  100  in  each  case,  was  vanillin  63,  cumarin  81,  santonin  75. 
After  the  plants  had  grown  in  their  respective  solutions  for  from 
twelve  to  fourteen  days,  100  mg.  of  aloin  were  added  to  each  and  the 
results  noted  on  the  following  day.  The  results  agreed  in  showing  no 
color  indications  of  oxidation  in  any  of  the  cultures  where  the  toxic 
compounds  were  present,  although  the  roots  growing  in  the  control 
cultures  in  distilled  water  showed  by  the  red  color  produced  that  a 
material  amount  of  oxidation  had  been  accomplished  in  them. 

That  the  mere  presence  of  organic  materials  did  not  inhibit  the 
oxidation  was  shown  by  an  experiment  employing  a  solution  of 
leucine  which  was  slightly  beneficial  to  the  growth  of  wheat  seedlings 
in  solution  cultures.  Solutions  of  leucine  containing  50  and  100  parts 
per  million,  producing  an  increase  in  growth  over  distilled  water  of 
54  and  98  per  cent,  respectively,  were  very  favorable  to  oxidation 
and  produced  a  much  deeper  aloin  red  than  the  cultures  in  distilled 
water. 

It  can  only  be  concluded,  therefore,  that  the  toxic  organic  com- 
pounds studied  were  deleterious  to  oxidation  because  of  their  toxic 
properties,  and  it  appears  that  they  were  even  more  deleterious  to 
oxidation  than  to  plant  growth. 

The  oxidizing  action  of  the  plants  upon  toxic  organic  substances 
is  a  phenomenon  which  has  been  pointed  out  by  the  authors  in  a 
previous  paper  •  and  will  be  referred  to  again  later.  The  experi- 
ments presented  in  that  paper  also  showed  that  the  addition  of  sodium 
nitrate  and  calcium  carbonate  to  solutions  of  toxic  organic  compounds 
went  far  toward  decreasing  their  harmful  effects,  and  in  some  cases 
overcame  them  entirely.  That  the  organic  salts  and  the  physiolog- 
ical activities  of  the  plants  working  together  had  accomplished  the 

«  Jour.  Am.  Clieni.  Soc.,  80,  85  (1908). 
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destruction  of  toxic  substances  was  shown  by  both  plant  growth  and 
chemical  tests.  It  now  appears  that  while  this  destructive  action  of 
the  toxic  body  by  the  plant  is  going  on,  the  oxidizing  power  in  the 
presence  of  an  excess,  as  it  were,  of  toxic  body  is  greatly  reduced 
and  may  even  be  entirely  inhibited.  The  conclusion  drawn  from 
these  experiments  was  that  the  ])Iant  roots  are  able  to  oxidize  a  certain 
amount  of  deleterious  organic  material  and  that  the  presence  of  salts 
which  favor  oxidation  increases  the  ameliorating  action  of  the  plant. 
This  question  was  studied  a  little  further  by  an  experiment  in 
which  the  oxidation  in  solutions  of  toxic  material  was  observed.  A 
solution  of  cumarin  containing  10  parts  per  million,  with  and  with- 
out the  addition  of  fertilizer  ingredients,  was  used  as  a  medium  for 
plant  growth  and  subsequently  examined  for  powers  of  oxidation. 
Sodium  nitrate  was  added  to  one  portion  of  the  cultures  at  the  rate 
of  50  parts  of  NOj  per  million,  and  calcium  carbonate  at  the  rate  of 
2.000  parts  per  million  was  added  to  another  portion  of  the  cultures. 
Wheat  plants  were  installed  in  the  cultures  October  7  and  grew  until 
October  17.  The  oxidation  was  estimated  by  means  of  aloin.  Table 
XXII  gives  the  effect  of  these  treatments  upon  growth  and  the 
oxidation  in  the  toxic  solutions  and  in  control  solutions  to  which 
no  cumarin  had  been  added.  In  each  case  growth  and  oxidation  of 
the  plants  in  distilled  water  are  taken  as  100. 

Table  XXII. — Effect  of  sodium  nitrate  and  ealcium  carbonate  on  growth  and 
oxidation  in  solutions  of  cumarin.     Orotcth  expressed  in  terms  of  relative 

transpiration, 

[P.  p.  m.  «=a  parts  per  million.] 


No. 


1 
2 
8 
4 
5 
6 


Culture. 


Distilled  water  . . . . 
Same  +  NaNOa  .... 

Same+CaCOi 

Cumarin  10  p.  p.  m 
Same  +  NaNOa  . . . . 
Same  +  CaC^Oj 


RelatlTC 
growth. 


100 
196 
170 
81 
159 
110 


Relative 
oxidation. 


100 
2iiO 
166 
31 
139 
131 


The  results  of  this  experiment  show,  in  harmony  with  those  of 
the  previous  w^ork,  that  the  addition  of  these  fertilizer  ingredients 
overcome  to  a  large  extent  the  deleterious  effect  of  the  cumarin  upon 
growth,  each  one  making  the  cumarin  solution  to  which  it  was  added 
a  better  medium  for  growth  than  distilled  water.  An  inspection  of 
the  figures  expressing  the  relative  oxidation  shows,  however,  that  the 
addition  of  these  salts  produced  relatively  greater  increases  in  oxida- 
tion than  in  growth.  When  sodium  nitrate  was  added  to  cumarin 
the  resulting  growth  was  twice  as  great  as  where  only  cumarin  was 
present;  the  oxidizing  power,  however,  was  increased  over  fourfold. 
In  comparison  with  this  effect  it  will  be  noted  that  the  addition  of 
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sodium  nitrate  to  distilled  water  likewise  increased  the  growth  two- 
fold and  increased  the  oxidizing  powers  two  and  a  half  times..  It 
seems  quite  evident,  therefore,  that  the  ameliorating  powers  observed 
under  the  conditions  of  the  experiment  are  to  be  referred  to  th« 
increased  oxidizing  powers  which  are  thereby  brought  about  and  the 
consequent  diminution  in  amount  and  activity  of  the  toxic  material. 
It  may  be  noted  in  passing  that  Le  Renard  «  found  that  nitrates 
had  a  greater  antitoxic  value  than  other  acid  radicals  when  Pen- 
cillium  was  grown  in  the  presence  of  copper. 

THE   NATURE  AND  ACTIVITIES  OF  THE   OXIDIZING  ENZYMES. 

Mention  has  been  made  of  the  enzymotic  nature  of  the  oxidizing 
action  of  the  roots  in  preceding  pages,  and  consideration  will  now  be 
given  to  the  nature  of  the  enzyme  or  enzymes  which  bring  about  the 
oxidation.  So  far  as  known  the  oxidation  effects  observed  were  en- 
tirely due  to  the  action  of  enzymes  and  not  to  the  other  activities  con- 
nected with  the  growth  of  the  roots  themselves,  for  it  was  observed 
that  under  certain  toxic  conditions  growth  went  on  w^hile  oxidation 
was  inhibited,  and  similarly,  growth  was  sometimes  enhanced  by  a 
treatment  which  did  not  change  the  oxidizing  powers. 

When  a  few  drops  of  alcoholic  guaiac  are  added  to  water,  or  a  suit- 
able solution  of  salts,  in  which  wheat  seedlings  have  grown  for  sev- 
eral days,  there  is  sometimes  a  faint  blue  color  indicating  the  presence 
of  oxidase,  but  more  often  there  is  no  blue  color.  When  a  drop  of 
hydrogen  peroxide  is  added,  however,  the  liquid  turns  blue,  giving  a 
color  varying  from  medium  to  very  intense,  depending  somewhat 
upon  the  age  of  the  seedlings,  and  the  number  of  roots  which  have 
grown  in  the  culture.  The  guaiac-peroxide  reaction  indicating  a 
peroxidase  is  confirmed  by  phenolphthalin  and  aloin,  both  of  which 
agree  in  showing  the  presence  of  peroxidase.  Wlien  the  roots  of  a 
young  wheat  plant  are  immersed  in  an  alcoholic  guaiac  solution,  they 
immediately  turn  blue,  indicating  that  they  are  relatively  rich  in 
oxidase,  although  but  little  oxidase  appears  in  the  water  in  which 
they  grew.  This  may  be  due  to  the  retention  of  oxidase  by  the  root 
cells  during  life,  but  when  the  outer  cells  are  killed  by  the  alcoholic 
guaiac  the  oxidase  escapes  and  becomes  evident  through  its  reaction 
with  guaiac.  An  aqueous  extract  of  crushed  roots  shows  strong 
oxidase  reaction  as  well  as  peroxidase  reaction.  In  the  course  of 
an  examination  of  different  parts  of  the  young  wheat  plants,  it 
was  found  that  the  partially  depleted  seeds  showed  a  very  strong 
oxidase  reaction  when  guaiac  was  used,  while  the  peroxidase  reac- 
tion was  relatively  less  than  in  the  extract  of  crushed  roots. 

<>E8sai  sur  la  valeur  antitoxique  de  rallnicnt  complet  et  incomplet.  Paris 
(1907). 
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When  the  sohition  in  which  wheat  roots  have  been  grown  for  some 
da3's  is  boiled  for  five  to  ten  minutes  and  cooled  the  oxidase  and  per- 
oxidase reactions  disappear. 

The  temperature  at  which  the  peroxidase  is  destroyed  as  a  result  of 
applying  heat  was  determined  by  heating  a  culture  liquid  which 
showed  an  active  peroxidase  action.  The  culture  liquid  was  heated 
to  successively  high  temperatures  and  held  at  each  for  five-minute 
periods.  The  temperature  at  which  the  enzymes  appeared  to  be 
destroyed  was  60°  C,  or  very  close  thereto. 

The  culture  liquid  was  examined  for  enzymes  in  a  series  of  cultures 
of  different  ages  to  learn  whether  the  enzyme  reaction  was  equally 
strong  in  all.  \Mieat  seeds  were  germinated  on  perforated  cork  plates 
floating  on  the  surface  of  water  in  crystallizing  dishes  of  500  c.  c.  ca- 
pacity. AVhen  cultures  were  on  hand  aged  2,  3,  4,  5,  6,  and  7  days, 
respectively,  tests  were  made  with  guaiac,  alcoholic  aloin,  and  phenol- 
phthalin. 

The  tests  with  guaiac  showed  that  the  oxidase  reaction  which  was 
weak  in  the  2  and  3  days'  cultures  was  quite  strong  at  4  days.  The 
tests  with  alcoholic  aloin  and  phenolphthalin  showed  that  the  peroxi- 
dase reaction  was  strongest  in  the  6  and  4  day  cultures,  and  consider- 
ably weaker  in  each  of  the  others. 

Certain  phenomena  observed  in  connection  with  the  use  of  aloin  in 
aqueous  and  alcoholic  solutions  suggested  that  they  react  differently 
with  oxidases  and  peroxidases.  Experiments  were  accordingly  in- 
stalled to  test  specifically  the  action  of  each  solution.  Two  solutions 
of  aloin  were  prepared :  I  contained  0.250  gram  of  aloin  in  50  c.  c.  of 
water;  II  contained  0.250  gram  of  aloin  in  50  c.  c.  of  95  per  cent 
alcohol.  One  cubic  centimeter  of  aloin  solution,  I  or  II,  was  added  to 
5  c.  c.  of  liquid  in  test  tubes  according  to  the  plan  shown  in  Table 
XXIII.  The  tubes  were  prepared  and  aloin  added  at  2.45  p.  m.,  on 
January  10,  and  the  observations  recorded  in  the  third  column  of  the 
table  were  made  at  11  a.  m.,  on  January  11.  The  culture  liquid  when 
added  to  the  tubes  showed  no  oxidase  but  good  peroxidase  reaction 
with  guaiac. 

Table  XXIII. — Comparative   reaction  of  aqueous   and  alcoholic  solutions   of 

aloin  to  a  liquid  containing  peroxidase. 


Nos.     ;  Solution. 

I 


land  2 
Sand  4 
5  and  6 

^7 and  8 
9  and  10 

11  and  12 


Unboiled  liquid  + 1  c.  c.  aqueous  aloin. 

Boiled  liquid  +  1  c.  c.  aqueous  aloin 

Distilled  water  + 1  c.  c.  aqueouM  aloin  . . 
Unboiled  liquid  + 1  c.  c.  alcoholic  aloin 
Boiled  liquid  + 1  c.  c.  alcoholic  aloin. . . 
Distilled  water  + 1  c.  c.  alcoholic  aloin. 


Color  observed 

at  end 
of  20}  hours. 


Pink. 

Do. 
Faint  pink. 
Deep  pink. 
Yellow. 

Do. 
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An  inspection  of  these  results  shows  that  when  only  peroxidase  is 
present  aqueous  aloin  is  not  particularly  applicable  for  demonstrating 
ihe  presence  of  that  enzyme,  in  the  ateence  of  growing  plants,  since 
there  was  the  same  development  of  pink  color  in  boiled  as  in  unboiled 
liquid.  Alcoholic  aloin,  on  the  contrary,  was  changed  to  a  deep  pink 
in  the  unboiled  liquid,  but  remained  unchanged  alike  in  the  boiled 
liquid  and  in  the  distilled  water. 

The  action  of  the  different  aloin  solutions  was  next  tested  in  liquids 
which  also  possessed  a  strong  oxidase  reaction.  The  roots  of  10 
wheat  seedlings  12  days  old  were  removed  and  crushed  in  a  mortar 
with  distilled  water.  The  filtered  liquid  obtained  from  this  source 
gave  a  strong  reaction  for  oxidase  when  tested  with  guaiac.  As 
before,  1  c.  c.  of  aloin  solution,  I  and  It,  was  added  to  5  c.  c.  of  the  root 
extract  in  test  tubes,  according  to  the  plan  shown  in  Table  XXIV. 
The  tubes  were  prepared  and  aloin  added  at  4.30  p.  m.,  on  January 
13,  and  the  observations  recorded  in  the  third  column  of  the  table 
were  made  at  11  a.  m.  on  the  following  day. 

Table   XXI V. — Comparative  reaction   of   aqueous  and   alcolioUc  solutions   of 

aloin  to  a  liquid  containing  oxidase. 


No. 


1,2.3 

4.5 

6,7,8 

9,10 


Solution. 


Color  observed  11 
a.m.  Jan.  11. 


Root  ex  tract +1  c.  c.  aqueous  aloin 

Distilled  water -rl  c.c.  aqueous  aloin. . 
Root  extaact+l  c.c.  alcoholic  aloin... 
Distilled  water +1  c.c.  alcoholic  aloin. 


Red. 

Faint  pink. 
Pronounced  pink. 
Faint  pink. 


The  res'ults  of  these  experiments  supplement  those  of  the  foregoing, 
in  which  a  peroxidase  liquid  was  used,  by  demonstrating  that  the  oxi- 
dase caused  a  much  greater  conversion  of  aloin  to  "  aloin  red  "  with 
the  aqueous  than  with  the  alcoholic  solutions  of  aloin.  There  was  in 
the  root  extract  a  distinct  peroxidase  reaction  to  guaiac  in  addition 
to  the  oxidase  reaction,  and  it  is  only  natural  that  in  tubes  6,  7,  and 
8  there  should  be  some  development  of  color  when  alcoholic  aloin  was 
added. 

It  is  evident,  from  the  above  results,  that  in  the  absence  of  living 
plant  roots  aqueous  aloin  is  principally  a  reagent  for  oxidase  and 
alcoholic  aloin  for  peroxidase.  In  the  experiments  where  plants  are 
employed  it  is  however  needless  to  say  that  only  aqueous  solutions  of 
aloin  can  be  used.  But  there  again  the  living  roots  may  introduce 
factors  which  cause  peroxidase  reaction  with  aqueous  aloin. 

Aloin  and  phenolphthalin,  having  shown  their  usefulness  as  indi- 
cators of  enzyme  action,  several  other  substances  were  investigatecl 
for  comparison.  Leuco-rosolic  acid  was  prepared  by  reducing  ro- 
solic  acid  with  zinc  dust  in  alkaline  solution.  When  reduction  was 
practically  complete  the  solution  was  filtered  and  neutralized  with 


48  THE   ROLE   OF   OXIDATION    IN    SOIL   FERTILITY. 

hydrochloric  acid,  then  rendered  sligiitly  alkaline  with  sodium  hy- 
droxide. One  cubic  centimeter  of  this  solution  was  added  to  three 
different  liquids;  (I)  liquid  from  culture  6  days  old;  (II)  the  same 
liquid  after  having  been  boiled  ten  minutes;  (III)  distilled  water. 
When  examined  twenty- four  hours  later  I  was  pronounced  rose-red, 
while  II  and  III  were  merely  faint  pink,  which  indicates  that  leuco- 
rosolic  acid  is  capable  of  showing  the  action  of  these  oxidizing 
enzymes. 

Attempts  were  made  to  use  ferrous  ammonium  sulphate  and  potas- 
sium iodide  as  indicators  of  the  oxidizing  powers  of  plants  by  putting 
small  amounts  into  cultures  containing  living  plants.  Ferrous  ammo- 
nium sulphate  was,  in  the  space  of  time  of  the  experiment,  oxidized 
by  mere  contact  with  the  atmospheric  oxygen,  and  was  therefore  dis- 
carded as  an  indicator.  Potassium  iodide  was  not  oxidized  to  free 
iodine,  as  Raciborski  ^  has  also  found. 

EFFECT    OF    DIFFERENT    CONDITIONS    IN    THE    SOLUTIONS    UPON    THE 

ACTIVITY  OF  THE  ENZYMES. 

m 

Mention  has  previously  been  made  of  instances  where  the  variation 
in  oxidation  appeared  to  be  partly  due  to  the  acidity  or  alkalinity  of 
the  solution  used  as  a  culture  liquid.  In  such  cases  the  growth  of 
the  plant  roots  was  affected  when  the  conditions  of  alkalinity  or 
acidity  were  very  great.  The  effect  is  the  more  harmful  when  young 
seedlings  are  put  into  such  solutions,  because  at  the  beginning  of 
the  experiment,  when  the  plants  are  very  tender,  the  acidity  or  alka- 
linity is  greatest  and  gradually  diminishes  during  the  progress  of 
the  experiment.  In  investigating  the  effect  of  acid  or  all^aline  con- 
ditions in  the  culture  media,  instead  of  using  either  alkaline  or  acid 
solutions  at  the  start,  a  method  was  used  whereby  the  originally  neu- 
tral solutions  became  acid  or  alkaline  as  a  result  of  the  selective 
absorption  of  the  plant  in  withdrawing  nutrients  from  the  solution.* 
It  has  been  demonstrated  by  Kohn  and  Czapek*'  that  fungi  may 
render  their  culture  media  alkaline  or  acid  as  a  result  of  their  selec- 
tive absorption,  whereby  an  acid  or  a  basic  radical  is  removed  more 
rapidly  than  the  radical  to  which  it  is  linked.  Reed  *  has  observed 
a  similar  action  for  the  higher  plants  and  pointed  out  its  bearing 
upon  the  composition  of  nutrient  solutions. 

Solutions  were  made  up  from  salts  whose  radicals  are  differently 
absorbed  by  growing  plants,  e.  g.,  calcium  nitrate  and  potassium 
sulphate.    Where  calcium  nitrate  is  furnished,  the  plant  takes  up  NO3 

«Bul.  Acad.  Sci.,  Cracovie,  668.     1905. 

*  See  Cameron,  Rept.  71,  V.  S.  Dept.  Agr.,  1902,  p.  67 ;  Buls.  30  and  41, 
Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1905. 

^'Beitr.  Chem.  Phys.  u.  Path.,  8,  302  (1906). 
^'Ann.  of  Bot,  21,  501   (1907). 
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more  rapidly  than  Ca,  with  the  result  that  the  solution  becomes  in- 
creasingly alkaline.  In  the  case  of  potassium  sulphate,  the  plants 
take  up  K  more  rapidly  than  SO4,  with  the  result  that  the  solution 
becomes  acid.  In  the  experiments  which  were  made  upon  this  prob- 
lem an  attempt  was  made  to  determine  the  acidity  or  alkalinity  of 
the  solutions  when  the  experiment  was  terminated.  A  measured 
quantity  of  solution  was  boiled  in  a  platinum  vessel  to  drive  off  COo 
and  then  titrated.  The  results  of  these  determinations  are  shown 
with  the  other  results  in  Table  XXV. 

Table  XXV. — Oxidation  and  growth  of  wheat  plants  in  solutions  which  became 

acid  or  alkaline  as  the  result  of  plant  growth.    Relative  growth  measured  by 

transpiration. 

[P.  p.  m.=apart8  per  million.] 


No. 


1 
2 
3 
4 
5 
6 
7 
8 


Culture. 


9 


10 


Control  in  distilled  water 

SO  p.  p.  m.  Ca  as  Ca(NOs)t 

30  p.  p.  m.  Ca  as  CaCIs 

30 p.  p.m.  CaasCaCOs 

66  p.  p.  m.  S04  as  (NH4)a  BO4 

66 p.  p.m.  804a8K^04 

100  p.  p.  m.  NOsas  NaNOs 

36  p.  p.  m.  K  BA  KCl  

100  p.  p.  m.  NOi  as  NaNOs  (N/620) . . 
63  p. p.m.  Kns  KCl  (N/620).. 

63p.p.m.Ka8KtH(>O4(N/620) 


Relative 
growth. 

100 

174 

112 

123 

46 

78 

201 

92 

\         288 
295 

Acidity. 

Alkalinity. 

N/5000 

N/7500 
N/7500 

N/7500 
N/10000 

n;6ooo 

Neutral. 
N/IOOOO 

N/20000 

Neutral. 

Relative 
oxidation. 


100 
401 
107 
176 
102 
100 
401 
97 


260 


These  results  show  that  six  of  the  nine  solutions  became  alkaline, 
two  became  acid,  and  one  remained  neutral.  Growth  and  oxidation 
were  less  in  the  acid  solutions  than  in  those  which  became  alkaline, 
although  in  the  case  of  calcium  chloride  the  result  was  quite  low. 
In  the  case  of  potassium  sulphate  and  potassium  chloride  a  part  of 
the  depression  may  be  due  to  the  effect  of  the  potassium,  which  usually 
fails  to  increase,  materially,  oxidation,  but  such  is  not  the  case  with 
ammonium  sulphate.  Neither  is  it  probable  that  the  sulphate  radical 
is  the  depressing  factor,  since  calcium  sulphate  compares  favorably 
with  calcium  nitrate  in  its  effect  upon  oxidation,  as  was  shown  in 
Table  XIII.  The  more  favorable  effect  of  No.  2  in  Table  XXV  upon 
oxidation  over  Nos.  3  and  4  is  probably  to  be  attributed  to  the  pres- 
ence of  nitrate,  which  likewise  appears  to  be  responsible  for  a  material 
increase  in  growth.  The  greater  oxidation  accomplished  by  No.  9 
over  No.  10  is  probably  not  to  be  attributed  to  the  presence  of  CI, 
but  to  the  smaller  amount  of  K  present  in  No.  9. 

On  the  whole,  it  appears  that  the  oxidation  is  affected  to  a  certain 
extent  by  conditions  of  acidity  or  alkalinity  arising  in  the  culture 
medium,  but  oxidation  seems  to  be  more  materially  affected  by  the 
specific  action  of  the  salts  and  their  elements  in  the  solution. 

The  effect  of  acid  and  alkaline  conditions  upon  the  activity  of 
peroxidase  was  investigated  by  the  following  experiment  in  which 
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alcoholic  aloin  was  used  as  the  indicator.  A  liquid  showing  strong 
peroxidase  action  was  taken  from  a  pan  in  which  several  hundred 
seven-day-old  wheat  seedlings  were  growing.  Various  amounts  of 
N/aO  HCl  and  N/50  NaOH  were  added  to  a  set  of  tubes,  each  con- 
taining 10  c.  c.  of  the  culture  liquid  and  1  c.  c.  of  alcoholic  aloin  solu- 
tion, added  at  3  p.  m.,  January  13.  Table  XXVI  shows  the  amount 
of  acid  or  alkali  added  in  each  tube,  and  gives  the  record  of  the  colors 
observed  at  11  a.  m.  the  following  day. 

Table   XXVI. — Effect   of  acid   and  alkaline  conditions   upon   the  activity   oj 

peroxidase  in  the  absence  of  plants. 


No. 


1 
2 
S 
4 


(future. 


10c.  0.  culture  liquid  +0. 1  c.  c.  N  fiO  HCl 

Same  1 0. 2  c.  e.  N  60  HCl 

Same  +0. 5  c.  c.  N  50  HCl 

Same  +0.7c.  c.  NfiOHCl 


5  I  Same  +1.0  e.  c.  N/50  HCl 


6 
7 
8 
9 
10 
11 


Same  +0. 1  e.  c.  N  50  NaOH 

Same  *^0. 2  c.  c.  N  50  NaOH 

Same  +0. 5  c.  c.  SibO  NaOH 

Same  +0. 7  c.  c.  N  50  NaOH 

Same  +1. 0  c.  c.  N/50  NaOH , 

Same  neutral  to  litmua  Rolution. 


12  I  Same  neutral  to  litmus  solution. 


Color  observed  at 
end  of  20  hours. 


Faint  pink. 

Do. 
No  change. 

Do. 

Do. 
Red. 

Wine  red. 
Deep  wine  red. 

DO. 

Do. 

Deep  pink. 

Do. 


P'rom  these  results  it  can  only  be  concluded  that  a  slightly  alkaline 
medium  is  most  favorable  for  this  peroxidase  reaction.  It  will  be 
remembered  that  WoUny  «  found  also  that  the  oxidation  processes  in 
the  soil  were  distinctly  favored  by  slightly  alkaline  conditions. 

The  effect  of  putrefactive  proces.ses  upon  oxidation  is  another  ques- 
tion which  was  briefly  investigated.  It  has  been  observed  that  when 
a  number  of  seedlings  were  placed  without  any  support  into  water 
(the  entire  root  ^vstem,  seed  and  lower  part  of  the  plant  being  thus 
submerged)  which  contained  aloin,  the  red  color  first  produced 
subsequently  disappeared.  An  experiment  was  accordingly  planned 
to  learn  whether  oxidation  phenomena  Avould  be  affected  when  the 
seeds  were  submerged  and  gave  rise  to  pro<lucts  of  putrefaction. 
Twelve  cultures  of  wheat  plants  were  prepared  and  allowed  to  grow 
four  days  in  tap  water.  In  one-third  of  the  cultures  the  seedlings 
were  adjusted  in  the  notched  corks  so  that  only  the  root  systems  of  the 
plants  were  submerged;  in  one-third  of  the  cultures  the  seedlings 
were  lowered  so  that  the  seeds  were  also  submerged,  and  one-third  had 
the  seedlings  entirely  submerged.  On  the  fourth  day  100  mg.  of  aloin 
were  added  to  each  culture  jar,  and  they  were  examined  twenty-four 
hours  later  with  reference  to  the  production  of  colors.  It  was  found 
that  the  cultures  planted  with  only  the  root  systems  submerged 
showed  a  very  considerable  amount  of  oxidation,  but  in  those  where 


«  Die  ZersetznriR  dor  organischen  Stoffe  und  die  Humiisbildungen,  IleidelberK. 
1S97. 


EFFECT    OF    CONDITIONS    UPON   ENZYMES.  51 

the  seeds  or  entire  plants  were  submerged  there  was  none  of  the  red 
color  produced  by  oxidation.  In  these  cultures  where  no  oxidation 
was  shown  there  were  putrefactive  processes  at  work,  a  fact  which  is 
taken  to  mean  that  the  oxidation  effects  are  not  observed  when  putre- 
faction processes  occur.  Whether  this  inhibition  of  oxidation  is  due 
to  putrefactive  processes  or  to  a  perverted  metabolism  of  the  plant 
which  is  functioning  under  somewhat  anaerobic  conditions  remains 
undecided. 

That  the  oxidizing  power  of  the  plant  was  not  destroyed  is  shown 
by  the  fact  that  by  raising  the  seeds  out  of  the  culture  water  and 
I'efilling  the  jars  with  fresh  tap  water  containing  aloin,  the  char- 
acteristic oxidation  occurred. 

The  foregoing  experiments  raised  a  question  as  to  the  amount  of 
oxidation  which  occurs  in  poorly  drained  soils  where  anaerobic  and 
putrefactive  processes  are  known  to  exist.  In  investigating  this  ques- 
tion, two  crops  of  wheat  seedlings  were  grown  in  Arlington  clay  loam 
in  paraffined  wire  pots,  giving  the  pots  different  amounts  of  water. 

Lot  I  of  the  pots  was  taken  at  the  optimum  water  content  of  the 
soil.  The  soil  in  lot  II  was  kept  saturated  with  water  from  the  start 
and  the  soil  in  lot  III  was  saturated  after  the  wheat  seedlings  were  up. 
The  relative  green  weight  of  the  first  crop  of  wheat  plants,  which 
grew  from  February  18  to  March  14,  was:  I,  100;  II,  111;  III,  104. 
The  relative  weight  of  the  second  crop,  grown  from  March  17  to  April 
8,  was:  I,  100;  II,  67;  III,  116.  Extracts  of  these  soils  were  made 
and  wheat  plants  were  grown  eleven  days  in  the  various  extracts. 
At  the  end  of  that  time  the  growth  and  oxidizing  power  of  the  plants 
in  the  different  solutions  were  determined,  with  the  result  shown  in 
Table  XXVII. 

Table  XXVII. — Growth  and  oxidation  in  extracts  of  soil  of  varying  mointure 
content.     Growth  crprcMHcd  in  terms  of  relative  transpiration. 


No. 


1 
2 
3 


Ciiltiiro 


Soil  kept  at  optimum 
Soil  kept  At  saturation 


Relative 
gniwth. 


100 
78 


Soils  saturated  after  plants  were  up 161 


Relative 
oxidation. 


100 
69 
U 


These  results  show  that  the  effects  of  the  poor  drainage  conditions 
appear  to  be  much  more  marked  upon  oxidation  than  upon  growth. 
The  soil  which  was  kept  at  optimum  and  only  saturated  after  the 
plants  had  started  seemed  to  remain  favorable  to  growth  in  the  pots 
and  in  the  extracts,  but  its  extract  was  plainly  not  favorable  to  oxida- 
tion. In  regard  to  the  increase  of  growth,  it  should  be  remembered 
that  this  lot  of  soil  was  alternately  very  wet  and  dry  during  the 
course  of  the  experiment. 
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SUMMARY. 

(1)  Roots  of  growing  plants  exhibit  an  extracellular  oxidizing 
power  which  may  be  demonstrated  by  the  use  of  suitable  chromogens 
in  nutrient  solutions  or  soil  extracts. 

(2)  The  oxidizing  power  appears  to  be  most  energetic  in  the  region 
of  the  root  where  root  hairs  are  found,  and  to  decrease  gradually  in 
activity  as  that  portion  of  the  root  becomes  older. 

(3)  The  oxidizing  power  of  plants  grown  in  extracts  of  productive 
soils  is  greater  than  that  of  plants  grown  in  extracts  of  unproductive 
soils. 

(4)  Treating  the  soil  extracts  with  an  absorbing  agent  is  iLsually 
beneficial  to  oxidation. 

(5)  The  distillate  of  a  poor  soil  extract  which  contains  volatile 
toxic  compounds  was  less  favorable  to  oxidation  than  the  residue  re- 
maining from  distillation. 

(6)  The  process  of  oxidation  is  usually  accelerated  by  the  addition 
of  nitrates  to  an  aqueous  soil  extract.  The  addition  of  ammonium 
sulphate  is  less  beneficial  to  oxidation  than  the  addition  of  an  equal 
amount  of  nitrogen  in  the  foiin  of  nitrate. 

(7)  Calcium  salts  were  found  to  increase  the  amount  of  oxidation 
in  cultures  to  which  they  were  added. 

(8)  The  addition  of  potassium  salts  was  not  generally  beneficial  to 
the  processes  of  oxidation.  In  some  cases  their  presence  caused  a  ma- 
terial retardation  of  the  oxidation.  The  most  of  the  retardation  was 
due  to  the  action  of  the  potassium  itself  and  not  to  the  formation  of 
acid  conditions  in  the  solution.  Sodium  or  ammonium  salts  of  the 
same  acid  were  more  favorable  to  oxidation  than  the  corresponding 
potassium  salt. 

(9)  Phosphates  usually  produced  material  increases  in  the  oxida- 
tion in  solutions  to  which  they  were  added. 

(10)  Chlorides  and  sulphates,  when  combined  with  a  suitable  base, 
like  sodium,  are  somewhat  beneficial  to  oxidation,  but  are  not  as 
favorable  as  the  corresponding  nitrate  would  be. 

(11)  The  presence  of  toxic  organic  substances  in  solution  was  ex- 
tremely^ deleterious  to  the  oxidizing  power  of  the  plants.  The  oxi- 
dizing power  of  the  plants,  especially  in  the  presence  of  nitrates,  was 
able  to  alleviate  the  toxicity  of  such  solutions. 

(12)  The  process  of  oxidation  by  roots  is  largely,  if  not  entirely, 
due  to  the  activity  of  a  peroxidase  produced  by  the  roots.  This  oxi- 
dizing enzyme  is  most  active  in  neutral  or  slightly  alkaline  solutions. 
The  activity  of  the  enzyme  may  be  inhibited  by  the  presence  of  acid 
and  also  by  the  conditions  in  solutions  where  putrefaction  processes 
occur. 

(13)  This  oxidation  by  roots  has  considerable  agricultural  interest, 
since  processes  promoting  oxidation  play  a  large  part  in  the  best 
methods  of  soil  cultivation  and  tillage. 
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INTBODXJCTION. 

The  maintenance  of  the  productive  capacity  of  soils  has  been  a 
subject  of  study  and  concern  from  the  eariiest  historic  times.  The 
old  Roman  writers  clearly  recognized  that  soils  may  quickly  become 
worn  out  by  certain  methods  of  cultivation  and  cropping,  and  that 
different  types  of  soils  show  marked  differences  in  their  crop  adap- 
tations and  endurance  under  different  methods  of  culture.  . 

The  w^orks  of  Cato,  Varro,  Virgil,  Columella,  Pliny,  and  Palladius, 
as  well  as  many  of  the  still  earlier  Greek  writers,  show  that  the  proper 
system  of  cultivation,  manuring,  and  cropping  under  intensive  meth- 
ods to  maintain  the  productivity  of  the  soil  was  uppermost  in  men^s 
minds  at  that  time.  It  was  clearly  apparent  to  them  that  system 
and  intelligence,  and  these  alone,  were  needed  to  reduce  the  number 
of  individual  failures  to  maintain  the  soils  generally  in  a  more  pro- 
ductive state. 

According  to  Dickson,  °  the  Romans  had  a  greater  variety  of  crops 
and  exercised  considerably  more  care  in  adapting  them  to  the  different 
soils  than  did  the  English  at  the  time  he  wrote  (1788),  and  more  than 
we  seem  to  give  in  this  country.  Considering  Pliny  as  more  partic- 
ular in  his  directions  as  to  the  adaptation  of  crops  to  soil,  Dickson 
gives  Pliny's  maxims  in  detail  as  follows: 

Such  a  difference  of  soil,  he  says,  points  out  the  necessity  of  describing  the 
kinds  proper  for  the  different  crops.  This  is  (^ato's  opinion,  that  corn  should  be 
sowen  on  land  that  is  stiff,  rich,  and  in  good  heart;  that  radish,  millet,  ahd  panic, 
should  be  sowen  upon  the  same  kind  of  land,  if  inoiat  or  wet;  that  seed  should  be  first 
sowen  in  cold  and  wet  soils,  and  afterwards  in  warm;  that  lupines  should  be  sowen  in 
the  red  soil,  the  soil  called  pulla^  or  sandy  soil,  if  they  are  not  wet ;  far  in  moister 
fields,  where  the  soil  is  chalky  and  red;  triticum  [wheat]  in  dry  land,  not  liable  to 
weeds,  nor  in  a  shade;  beans  in  strong  soils;  siligo  and  trilicum  in  open  and  exposed 
fields  that  receive  greatest  benefit  from  the  heat  of  the  sun;  lentils  in  uncultivated 
and  red  soil,  where  there  is  not  much  grass;  barley  on  fallow,  and  land  so  rich  as  to 
carry  a  crop  every  year.  Spring  sowing  should  be  used  in  places  that  can  not  conven- 
iently be  sowen  in  autumn,  and  in  soil  whose  fatness  can  carry  constant  crops. 
This  maxim  too  is  exact.  These  things  should  be  sowen  in  shallow  soil  that  do  not 
require  much  sap,  as  the  cyiisus  and  deer;  legums  are  excepted,  which  are  pulled 
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up  and  not  cut  in  reaping;  hence  they  are  called  /<:^um«,  I.  ec. ...  o  thus  gathered.  In 
fat  soil,  should  be  sown  such  things  as  require  much  food,  as  pir.iea  herbs,  tnlicuTrif 
siligo,  flax.  So,  for  the  same  reason,  the  shallow  soil  is  allotted  i\r  barley,  becau:5C  it 
does  not  require  much  food,  the  richer  and  stiffer  for  triticum.  In  low  lying  grounds, 
far  rather  than  triticum  should  be  sowen.  In  grounds  neither  very  high  nor  low, 
both  triticum  and  barley;  hilly  ground  produces  plumper  triticum,  but  not  so  lai^e 
a  crop.     Far  and  siligo  may  be  appointed  to  chalky  and  wet  soils. 

Theophrastus  does  not  enter  into  particulars,  as  the  Roman  authors  do;  but  he 
declares,  in  general,  that,  to  know  how  to  adapt  plants  to  soils  is  one  of  the  j.rincipal 
things  in  agriculture. 

Regarding  the  management  of  soils,  Dickson  further  says:" 

By  schemes  of  management,  we  mean  the  crops  that  are  cultivated,  the  culture 
given  them,  and  the  order  in  which  they  succeed  each  other.  In  Britain  we  have 
a  variety  of  schemes  of  management;  we  have  successions  of  different  crops,  and  we 
have  the  same  crops  succeeding  each  other,  in  different  orders.  It  was  so  likewise 
among  the  Romans;  and  their  different  schemes  were  adapted  to  their  different  soils. 

When  the  soil  was  very  good  *  *  ♦  they  raised  several  different  sorts  of  crops  in 
succession.  Pliny  mentions  two  schemes  in  this  rich  soil:  That  kind  of  soil,  says 
he,  called  teneramay  be  en  ped  in  this  manner;  barley,  millet,  raddish,  and  then 
barley  again,  or  triticum,  as  in  Campania.  For  one  of  these  crops,  the  land  was 
always  dunged,  probably  the  millet;  for  Pliny  mentions  this  among  the  crops  to 
which  dung  was  always  applied.  In  this  succession  of  crops  there  was  no  fallow 
intervening,  and  Pliny  observes,  that  it  was  sufficient  to  plow  the  land  immediately 
before,  or  when  it  was  sowen.  *  *  *  Another  order  of  croping,  says  Pliny, 
after  a  crop  of  far,  let  the  land  rest  during  the  four  winter  months,  and  then  be  sowen 
with  the  spring  bean,  that  so  it  may  not  rest  till  next  winter,  but  carry  a  crop  every 
year.  *  *  *  Columella  says,  that,  when  beans  are  sowen  upon  land  that  has  car- 
ried a  crop  the  year  immediately  preceding,  dung  must  be  applied.  And  Pliny 
himself  says  *  *  *  that,  even  when  beans  are  sown  upon  land  that  has  not  carried 
a  crop,  it  must  have  been  lately  dunged. 

Land  that  was  treated  in  this  manner,  and  carried  a  crop  every  year,  was  not  very 
common;  it  was  found  chiefly  in  Campania,  the  country  which  was  reckoned  the  most 
fertile  in  Italy.  Pliny  mentions  a  very  extraordinary  field  in  it,  which,  as  it  carried 
a  crop  every  year,  and  more  valuable  .crops  too  than  those  that  have  been  mentioned, 
falls  naturally  to  be  taken  notice  of  in  this  place    *    *    *. 

Ploughing,  as  was  observed  in  the  last  chapter,  is  the  mc^t  important  operation  in 
agriculture:  but  it  cannot  be  performed  in  all  its  perfection,  nor  all  its  advantages 
obtained,  except  when  land  is  summer  fallowed.  Of  this  the  ancients  seem  to  have 
been  very  sensible;  for,  instead  of  recommending  fallowing,  as  is  commonly  done 
by  writers  on  husbandry  in  modern  times,  the  ancient  writers  mention  it  as  a  neces- 
sary preparation  for  a  crop  in  ordinary  soils.  In  Switzerland,  Geneva,  and  some 
provinces  of  France  they  have  a  crop  and  fallow  alternately.  This  seems  likewise  to 
have  been  the  common  practice  among  the  Romans,  from  whom  these  nations  no 
doubt  received  it.  This  practice  probably  arose  from  the  opinion  that  the  earth  was 
in  some  measure  exhausted  by  carrying  a  crop,  and  needed  a  year's  rest  to  enable  it 
to  produce  another    *    *    *. 

This  extract  gives  a  very  fair  view  of  the  opinions  held  some  two 
thousand  years  ago  regarding  this  important  matter  of  soil  fertility 
and  of  the  systems  devised  to  maintain  the  productivity  of  soils.  It 
was  clearly  recognized  then,  as  it  still  is  by  many,  that  the  mainte- 
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nance  of  productivity  is  a  personal  matter  with  the  tiller  of  the  soil 
and  depends  upon  his  knowledge,  skill,  and  industry.  The  present 
condition  of  the  agriculture  of  Italy  would  seem  to  bear  out  this  view 
and  give  no  reason  to  fear  a  permanent  loss  of  productivity  with  effi- 
cient methods  of  soil  management,  at  least  in  finite  time. 

Little  progress  was  made  in  our  knowledge  of  the  soil  and  its 
relation  to  crops  or  of  methods  of  management  until  the  modem 
science  of  agricultural  chemistry  was  established  by  Liebig  about 
1840.  *  The  mineral  theory  of  plant  nutrition  supposed  that  pro- 
ductivity depended  upon  the  amount  of  available  mineral  plant-food 
elements  present  in  the  soil.  Recently  the  Bureau  of  Soils  has  been 
able  to  show  that  the  chemistry  of  the  organic  matter  of  the  soil  is 
probably  of  as  much  importance  in  the  productivity  of  land  as  is 
the  chemistry  of  the  mineral  matter.  The  effects  of  plowing, 
fallowing,  draining,  rotation  of  crops,  and  manuring  are  associated  in 
one  way  or  another  with  changes  in  the  organic  matter  of  the  soil 
necessary  to  maintain  productivity.  In  these  days,  of  course,  every- 
one recognizes  the  importance  of  cultural  operations  on  physical  and 
biological  characteristics  of  the  soil.  Such  natural  agencies  as  climate, 
distribution  of  rainfall,  sunshine,  etc.,  are  coming  to  be  recognized  as 
at  least  fully  as  important  as  the  inherent  characteristics  of  the  soil. 

The  facts  established  by  Liebig  concerning  the  mineral  necessities 
of  plant  development  have  been  taken  too  literally  and  too  narrowly 
as  applied  to  the  soil,  and  permanent  losses  have  been  feared  which 
would  in  time  completely  exhaust  the  soil  of  mineral  elements  and 
leave  it  a  barren  waste.  The  impression  is  very  strong  in  this  country 
to-day  that  our  soils  are  wearing  out  at  an  alarming  rate,  that  yields 
are  falhng  off,  and  that,  without  the  liberal  and  universal  use  of  phos- 
phates, potash  salts,  and  nitrates,  to  replace  the  amounts  removed 
by  crops,  the  soils  will  become  permanently  sterile. 

On  the  supposition  that  the  soil  otherwise  remains  constant  in 
composition,  save  only  as  material  may  be  artificially  added  to  it  in 
fertilizers  or  subtracted  from  it  by  crops  sold  off  the  farm,  various  cal- 
culations show  that  the  end  of  soil  productivity  under  existing  methods 
of  cultm^e  will  come  at  from  seventy-five  to  one  hundred  and  fifty 
years. 

The  fact  that  the  soils  of  Europe  and  of  Asia  have  been  under 
agricultural  occupation  for  many  centuries,  supporting  a  much 
denser  population  than  our  own,  would  seem  to  show  such  ideas  to  be 
erroneous  when  applied  to  our  own  soils,  the  bulk  of  which  have  been 
occupied  for  not  more  than  fifty  or  seventy-five  years. 

As  the  researches  of  the  Bureau  of  Soils  have  been  published  in  a 
number  of  different  forms — bulletins,  and  papei*s  in  scientific  jour- 
nals— it  will  be  unnecessary  at  this  place  to  give  a  r6sum6  of  the 
functions  of  the  soil  and  its  relation  to  crop  production  to  explain 
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the  apparently  anomalous  fact  that  we  can  extract  plant  food  ele- 
ments from  the  soil  in  our  growing  crops  and  yet  leave  the  soil  with 
apparently  unimpaired  supplies  for  future  crops.  Two  points,  how- 
ever, w  ill  be  mentioned  to  show  the  futility  of  the  bookkeeping 
system  of  estimating  the  future  resources  of  the  soil. 

The  researches  of  the  several  experiment  stations  throughout  the 
world  and  the  investigations  of  our  engineers  on  the  amount  of  mate- 
rial carried  in  solution  and  in  suspension  in  our  principal  rivers  and 
borne  by  the  wjnd,  estabUshes  the  fact  that  loss  through  natural 
leaching  and  erosion  removes  far  more  mineral  plant  food  elements 
than  do  cultivated  crops.  In  cropping  soils,  therefore,  and  removing 
the  crop  from  the  land,  we  remove  an  inconsiderable  amount  of  min- 
eral material  compared  with  normal  losses  to  which  the  soil  is 
adjusted  through  natural  laws. 

The  second  point  opposed  to  this  bookkeeping  system  of  account- 
ing for  the  plant-food  constituents  is  that  in  a  small  majority  of 
analyses  reported  in  this  coimtry  and  abroad  where  both  soils  and 
subsoils  have  been  examined,  the  upper  soil,  from  which  presumably 
the  roots  of  annual  ])lants  take  most  of  their  mineral  matter,  has 
a  content  of  potash  and  phosphoric  acid  higher  than  the  subsoil. 

From  the  meager  information  to  be  found  in  the  works  of  the  early 
agricultural  writers  of  Greece  and  Italy  it  seems  probable  that  the 
yields  per  acre  obtained  at  the  present  time  are  not  much  diflFerent 
from  those  obtained  in  the  earlier  historic  times.  There  are  not  many 
records  in  the  literature  of  yields  per  acre  for  any  field,  farm,  or  coun- 
try going  back  for  any  considerable  number  of  year's.  Oflicial  esti- 
mates of  yields  have  been  kept  by  the  United  States  Goverament 
and  many  of  the  States  for  the  past  forty  years.  Similar  statistical 
estimates  have  been  kept  by  most  of  the  Fiuropean  countries  for 
the  past  twenty  or  thirty  years.  Beyond  this  the  information  is 
fragmentary  and  possibly  loss  trustworthy. 

In  the  consideration  of  data  of  this  kind  it  would  at  first  sight 
seem  more  valuable  to  have  continuous  records  of  successive  yields 
of  a  single  field.  However,  the  yield  of  a  State  is  probably  more 
reliable  in  showing  changes  in  productivity  becaUvSe  it  combines  a 
great  number  of  individual  fields  and  averages  the  results  of  all  the 
individual  methods  used  in  the  comnumity.  The  first  method  would 
have  the  advantage  of  actual  weight  or  measure  of  crop  produced 
on  a  measured  area;  this  is  more  certain,  but  it  would  depend  upon 
the  knowledge  and  skill  of  individuals  and  would  vary  greatly  with 
the  individual  and  with  the  soil  type.  The  second  method,  depend- 
ing as  it  does  merely  on  estimates,  has  a  less  reliable  basis,  but  largely 
eliminates  differences  in  individual  effort  and  differences  in  soil,  pro- 
vided the  acreage  remains  fairly  constant.  Assuming  reliability  of 
the  estimates,  the  second  method  would  undoubtedly  give  more  reli- 
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able  information  concerning  the  relative  productivity  of  a  State. 
Material  changes  in  acreage  or  a  considerable  change  of  the  area  of 
production  within  the  State  would  of  course  have  an  influence  which 
must  be  considered  in  comparing  and  valuing  results,  even  if  no 
figures  can  be  given  for  an  exact  expression  of  such  change  in  the 
area  cultivated. 

When  the  yield  per  acre  for  a  vState  or  country  imder  practically 
constant  acreage  is  shown  to  have  increased  during  a  long  period  of 
years  we  may  assume  that  the  productivity  has  not  declined.  Much 
of  this  increase  may  i;esult  from  improved  methods  of  agriculture, 
better  selection  of  seeds  and  crops,  or  the  introduction  of  more  live 
stock;  and,  for  the  purpose  of  our  present  inquiry,  we  need  go  no 
further  to  explain  the  increase  or  maintenance  of  productivity. 

There  are  two  matters,  however,  which  should  be  considered  in 
this  connection.  The  first  is  the  question  of  commercial  fertilizers. 
If  the  productivity  of  the  soil  of  a  State  depends  ultimately  and 
literally  upon  our  returning  an  equivalent  amount  of  plant-food  con- 
stituents to  the  soil  to  replace  that  removed  by  the  crop,  then  the 
life  of  the  nation  will  ultimately  depend  upon  the  available  deposits 
of  nitrates,  phosphates,  and  potash  compounds.  It  is  clearly  im- 
possible with  the  available  data  to  give  any  expression  of  the  amount 
of  such  replacement  which  has  been  made  in  the  past,  but  from  what 
we  know,  so  far  as  the  actual  importation  of  mineral  material  foreign 
to  the  farm  is  concerned,  it  is  negligible. 

The  use  of  commercial  fertilizers  is  not  old.  The  potiish  deposits 
of  Germany  were  first  worked  in  1862,  the  phosphate  deposits  of 
South  C-arolina  in  1868.  Phosphates  were  discovered  in  Florida  in 
1888  and  in  Tennessee  in  1894.  It  may  be  said  that  the  general  use 
of  commercial  fertilizers  began  in  the  United  States  about  the  year 
1865. 

The  other  matter  which  should  receive  attention  is  the  influence  of 
material  in  the  form  of  foodstuffs  imported  from  less  densely  settled 
countries  to  those  of  greater  population  as  a  possible  source  of  intro- 
ducing foreign  mineral  matter  to  maintain  the  productivity  of  the 
soil  of  the  older  and  more  densely  settled  countries.  If  any  such 
transference  of  mineral  material  actually  takes  place  to  an  extent 
sufficient  to  maintain  or  increase  the  productivity  of  more  densely 
populated  countries,  then  it  is  but  reasonable  to  expect  that  the 
productivity  of  the  soil  of  the  more  recently  settled  and  more 
sparsely  settled  countries  from  which  foodstuffs  are  exported  would 
show  a  falling  off  in  productivity.  From  this  point  of  view  the  soils 
of  the  United  States  might  be  expected  to  show  some  material  decline 
in  productivity  as  a  result  of  the  enormous  amount  of  foodstuffs 
exported,  while  the  soils  of  Europe,  to  which  these  foodstuffs  mainly 
go,  should  show  a  corresponding  increase.     But  here  again  the  impor- 
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tant  thing  to  determine  is  whether  the  productivity  of  the  soils  of  the 
newer  country  is  actually  declining. 

In  comparing  figures  representing  yields  per  acre  over  a  series  of 
years,  whether  for  an  individual  farm  or  a  State  or  nation,  the  one 
variable  factor,  the  effects  of  which  are  difficult  to  eliminate,  is  the 
climate.  So  great  is  the  influence  of  climate  on  the  yield  of  crops 
that  in  a  period  of  ten  years  the  difference  between  the  lowest  and 
highest  yield  is  as  great  or  greater  than  the  average.  Thus  in  the 
decade  from  1867  to  1876  the  highest  yield  of  com  as  reported  for 
Nebraska  is  42.2  bushels  per  acre  in  1869,  and  the  lowest  yield  is 
10  bushels  in  1874.  The  difference,  32.2  bushels,  is  almost  the  same 
as  the  average  for  the  decade,  32.5  bushels.  Again  in  the  decade 
from  1887  to  1896  the  highest  yield  was  37.5  bushels  in  1896,  and  the 
lowest  6  bushels  in  1894.  The  difference,  31.5  bushels,  is  greater 
than  the  avenige  for  the  decade,  which  is  given  as  26.2  bushels. 
There  was  no  crop  failure  reported  in  the  decade  1877  to  1886,  in  which 
the  lowest  yield  is  27.4  bushels.  In  the  decade  1897  to  1906  the 
lowest  yield  is  14.1  bushels.  In  the  decade  1867  to  1876  occurred 
the  highest  and  next  to  the  lowest  yield  for  the  State  in  forty  years. 

The  figures  representing  the  yield  of  com  per  acre  in  Nebraska  for 
forty  years,  compiled  from  the  published  records  of  the  Bureau  of 
Statistics,  arranged  according  to  jneld  in  each  decade,  is  given  in  the 
following  table: 

Average  yxM  of  com  'per  acre  in  Nebraska  by  years  and  by  decades^  1 867-1906. 


Year. 


1874... 
1868... 
1870... 
1876... 
1873. . . 
1867... 
1872... 
1875... 
1871... 
1869... 

Decade 


BiLshels. 

Year. 

Bushels. 
27.4 

■ 
Yt«r. 

Bushels. 

1 

Year. 

Bushels. 

10.0 

1881.... 

,  1894.... 

6.0 

1901.... 

14.1 

22.9 

'  1886.... 

27.4 

1  1890.... 

18.0 

1898.... 

21.0 

29.9 

1880.... 

31.0 

■  1895.... 

16.1 

1900.... 

26.0 

30.0 

1882.... 

34.9 

1887.... 

24.1 

1903.... 

26.0 

35.0 

188.3.... 

36.0 

1893.... 

25.2 

1899.... 

28.0 

36.0 

1885.... 

36.7 

1892.... 

28.2 

1897.... 

30.0 

37.8 

1884.... 

37.7 

1     ioOO.  •  •  • 

35.2 

1902.... 

32.3 

40.0  . 

'  1877.... 

38.0 

1891.... 

35.2  1 

1904.... 

32.8 

41.5  ■ 

1879. . . . 

41.0 

1889.... 

36. 5  ■ 

1905.... 

32.8 

42.2  ; 

1878.... 
.    Dtxsuio 

42.0 

1896.... 
Decaflo 

37.5  , 
26.2 

1906.... 
Decade 

34.1 

32.5 

35.2 

27.7 

With  variations  so  great  as  these,  and,  in  fact,  with  the  statis- 
tical records  of  any  of  the  States,  it  is  unwise  to  draw  very  positive 
conclusions  from  the  average  yield  for  decades,  as  ten  years  is  not  a 
sufficient  period  to  minimize  the  results  of  extraordinary  seasoiis. 

These  variations  must  be  duly  considered  and  carefully  weighed 
in  drawing  conclusions  regarding  the  increase  or  decrease  of  pro- 
ductivity shown  by  statistical  records. 


THE  YIELD  OF  CROPS  IN   EUBOPE.  13 

EVIDENCE  PRESENTED  BY  THE  YIELlS  OF  CEOPS  IN  EUROPE. 

European  countries  have  older  agricultural  soils  than  the  United 
States,  as  they  have  been  settled  and  have  been  developing  their 
present  agriculture  for  a  thousand  years  or  more,  while  many  parts 
of  our  own  Western  and  Central  States  have  seen  all  of  their  agri- 
cultural development  in  the  past  sixty  or  seventy  years. 

If  the  views  which  have  been  taught  for  the  past  seventy  years  be 
correct,  that  continued  cropping  gradually  exhausts  the  soil  and  tends 
to  make  it  unproductive  through  loss  of  mineral  plant  food,  we  should 
expect  to  find  a  marked  and  fundamental  difference  between  the  soils 
of  the  United  States  and  the  older  soils  of  Europe,  as  shown  either  in 
the  yield  of  crops  or  in  the  chemical  composition  of  the  soils.  We 
will  first  review  such  data  as  are  available  regarding  the  yield  of 
crops  and  then  consider  the  chemical  data. 

The  following  is  given  as  the  yield  per  acre  of  wheat  in  bushels  in 
several  European  countries  and  in  the  United  States  for  the  ten 
years  (1897-1906)  in  the  Yearbook  of  the  Department  of  Agriculture 
for  1907,  page  620: 

Average  yield  of  wheat j  of  various  countries y  in  bushels  per  acre. 

United  Kingdom 32. 2 

Germany 28. 0 

France 19. 8 

Austria 17. 8 

Hungary 17. 6 

United  States 13.8 

Russia  (European) 9. 2 

On  the  face  of  it,  it  is  apparent  that  the  older  soils  of  Europe  are 
far  from  being  less  productive  than  the  newer  soils  of  the  United 
States.  This  may  be  due  to  a  difference  in  climate,  to  a  greater 
original  productivity  of  the  soil,  or  to  more  intensive  cultivation  and 
a  better  system  of  agriculture  than  prevails  in  tliis  country. 

From  the  very  meager  data  which  are  available,  some  of  which  will 
be  given  in  the  following  paragraphs,  it  would  appear  that  the  yield 
of  wheat  in  Germany  in  the  middle  of  the  sixteenth  century  was 
about  equal  to  the  average  for  the  United  States  at  the  present  time 
and  that  since  that  time  the  yields  in  Germany  have  about  doubled. 
This  should  dispose  of  the  idea  that  there  is  any  material  difference 
in  cUmate  or  in  original  productivity  of  the  soil,  and  throw  us  back 
to  the  personal  effort  of  the  farmer  and  the  development  of  a  more 
efficient  system  of  agriculture. 

The  French  minister  of  agriculture*  gives  the  average  yield  per 
acre  of  the  principal  cereal   crops  in  France  from   1815  to  1876, 

o  Bui.  Min.  Agr.  Comm.  France.  R^coltes  des  C^r^ales  et  des  Pommes  de  Terre 
de  1815  k  1876,  pp.  456-459  (1878). 
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which,  reduced  to  bushels  per  acre  and  ten-year  averages,  is  as 
follows: 

Yield  of  cereals  in  France,  ISlS-lSlGy  by  decades. 
[Reduced  to  bushels  a  per  acre.] 


Year. 

1815-1824 

1825- 18;M ' 

1835  1844 

1845- 1854 

1866-lWM '. 

1865-187 1 

1875-1876 

WhPAl. 

Rye. 
10.58 

Barley. 
14.87 

Oats. 

12.41 

17.50 

14.05 

12.89 

15.30 

18.52 

14.90 

13.59 

16.60 

20.97 

15.78 

13.68* 

18.88 

23.66 

16.57 

14.71 

20.78 

26.00 

16.t50 

15.30 

20.70 

25.60 

16.24 

16.41 

19.80 

24.63 

a  Dushols  of  capacity.  Statistics  for  ttio  U>n  years  1897-1906  indicate  that  the  average  weightof  a  bushel 
of  wheat  in  France  is  60  pounds,  of  rye  H\A  pounds,  of  barley  49.6  pounds,  and  of  oats  36.5  pounds.  The 
statistics  for  France  on  i)p.  15  and  19  an'  in  bushels  of  weight  customarily  employed  in  the  United  States 
(whtnit  60  pounds,  ryo  and  corn  56  pounds,  barley  48  pounds,  oats  32  poimds).  The  difference  Is  greatest 
In  oats,  the  average  yii>ld  of  which  as  given  In  this  table  Is  on  a  basis  some  14  per  cent  lower  than  in  the 
tables  on  pp.  15  and  19,  covering  later  years.  Comparisons  between  these  tables  should  not  be  made 
without  makhig  allowance  for  this. 

The  yield  of  wheat  has  increased  from  12.41  to  16.60  bushels;  of 
rye,  from  10.58  to  16.41;  of  barley,  from  14.87  to  20.78;  and  of  oats, 
from  17.50  to  26.00.  The  great  increase  in  the  yield  of  cereal  crops 
for  France  occurred  prior  to  1860. 

Quite  recently  the  Bureau  of  Statistics  of  tliis  department  has  pub- 
lished, a  report  on  the  cereal  production  of  Europe  "  for  the  past 
twenty  years  or  so. 

The  following  table  summarizes  the  yield  per  acre  in  five-year 
periods,  the  full  data  for  each  country  being  given  further  on: 


a  Cereal  production  of  Europe,  by  Frank  11.  Rutter.    Bui.  68,  Bureau  of  Statistica, 
1908. 
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Commenting  on  this  data,  Doctor  Rutter  has  the  following  to  say  : 

AVERAGE   YIELD   OP   GRAIN. 

Wheat. — On  comparing  ^e  area  under  wheat  in  northwestern  Europe  in  1905 
with  the  average  cn>p  during  1901-1905,  it  appears  that  the  average  yield  per  acre 
exceeds  25  bushels;  in  southwestern  Europe  the  average  yield  is  only  16  bushels 
per  acre,  and  in  eastern  Europe  but  12  bushels.  For  Europe  as  a  whole  the  average 
yield  is  slightly  under  14  bushels  per  acre. 

It  appears,  therefore,  that  the  average  yield  per  acre  is  highest  where  wheat  cul- 
ture is  least  generally  practiced  and  where  the  acreage  under  grain  shows  the  smallest 
increase.  In  other  words,  the  extension  of  the  wheat  area  is  most  marked  where  the 
average  yield  per  acre  is  lowest. 

This  condition  holds  true  as  regards  individual  countries  as  well  as  the  larger  divi- 
sions of  Europe.  The  United  Kingdom,  Belgium,  the  Netherlands,  and  Denmark 
are  at  the  same  time  the  four  countries  in  which  the  wheat  acreage  during  the  last 
twenty  years  has  shown  the  largest  reduction  and  the  four  countries  which  show 
the  largest  yield  per  acre.  In  each  of  these  countries  the  acreage  under  wheat  has 
fallen  at  least  one-fifth  in  amount,  while  in  each  of  them  over  30  bushels  per  acre  has 
been  harvested  on  an  average  during  the  last  five  years. 

At  the  other  end  of  the  series  stands  Euro|>ean  Russia,  in  which  the  increase  in 
acreage  during  the  twenty  years  was  no  less  than  60  per  cent,  while  the  average  yield 
per  acre  was  little  more  than  10  bushels. 

Between  these  two  extremes  the  relation  pointed  out  between  yield  and  acreage 
has  been  by  no  means  so  constant,  but  the  divergence  is  not  sufficiently  marked  to 
affect  the  general  correspondence.  In  Sweden,  for  instance,  the  acreage  under  wheat 
has  shown  a  considerable  increase,  while  the  average  yield  per  acre  is  high,  nearly  25 
bushels  per  acre.  On  the  other  hand,  in  Spain  the  low  average  yield,  13  bushels  per 
acre,  has  been  accompanied  by  a  small  increase  in  the  acreage  and  the  crop. 

That  the  extent  of  wheat  culture  should  vary  inversely  as  the  average  yield  per 
acre,  or,  in  other  words,  that  where  the  results  are  best  the  smallest  areas  are  devoted 
to  wheat,  seems  at  first  sight  paradoxical .  1 1  must  be  remembered  that  a  high  average 
yield,  such  as  shown  in  the  Teutonic  countries  of  Europe,  presupposes  intelligence 
on  the  part  of  the  farmers  and  valuable  land  justifying  a  large  outlay  of  labor  and 
capital.  These  conditions  are  much  more  favorable  to  the  growth  of  crops  requir- 
ing intensive  cultivation  than  to  grain  crops,  which  give  the  highest  profit  when 
grown  on  new  land  on  a  large  scale.  Low  average  yields,  if  obtained  at  a  low  cost 
of  production,  produce  a  greater  aggregate  profit  than  can  be  obtained  from  grain 
crops  on  the  smaller  tracts  in  northwestern  Europe,  where  the  high  price  of  land 
necessitates  its  use  in  intensive  culture.  The  foregoing  table  contains  unweighted 
averages  of  the  yearly  average  yields  shown  later  in  the  detailed  tables. 

Rye. — The  yield  of  rye  is  highest  in  Belgium ,  where  d  uring  the  five  years  1901-1905  an 
average  of  34  bushels  per  acre  was  obtained.  After  Belgium  come  Ireland,  Denmark, 
the  Netherlands,  Norway,  and  Germany,  in  all  of  which  an  average  yield  of  from  25  to 
27  bushels  per  acre  was  obtained.  The  lowest  average  yield  per  acre  during  the 
same  years  was  obtained  in  Servia,  10  bushels  per  acre,  while  in  European  Russia  the 
average  yield  was  slightly  more  than  10  bushels  and  in  Spain  13  bushels  per  acre. 

Barley. — Of  barley,  as  of  rye,  the  highest  average  yield  per  acre  during  the  last  five 
years  was  obtained  in  Belgium,  in  which  more  than  50  bushels  per  acre  was  grown 
on  an  average,  while  the  average  yield  of  winter  barley  alone  was  52  bushels  per  acre. 
In  the  Netherlands  the  average  yield  was  only  slightly  lower,  amounting  to  51  bushels 
per  acre  for  winter  barley  and  48  bushels  for  barley  of  both  kinds.  Outside  of  these 
two  countries  barley  is  grown  principally  as  a  spring  crop;  and  if  that  variety  alone 
be  considered,  Ireland,  with  42  bushels  per  acre,  shows  the  highest  average  yield. 
In  Germany,  Denmark,  and  Great  Britain  the  average  yield  per  acre  is  34  bushels. 
The  lowest  average  yields  per  acre  recorded  are  shown  by  the  statistics  of  European 
Russia  and  Servia,  according  to  which  but  14  bushels  per  acre  were  raised  during 
each  of  the  five  years  under  review. 
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Oats. — Be^um  recoida  an  averse  yield  of  oats  durii^  the  five  years  1901-1905  of 
no  lees  thaa  65  bushels  per  acre,  while  Ireland  produced  57  buehela  and  the  Nether- 
lands 54  hushela.  The  smallest  avenge  yield  per  acre  recorded  is  that  of  Servia, 
where  only  15  buahela  were  obtained,  and  European  Russia  with  20  bushels. 

Com. — The  variations  in  the  averse  yield  per  acre  of  com  are  far  lesa  marked 
than  the  variations  in  the  grains  already  considered.  The  almoet  total  absence  of 
its  culture  from  any  country  included  in  the  northweelem  division  eliroinatee  the 
very  countries  where  intensive  culture  is  practiced.  The  highest  yield  recorded  in 
1901-1905  was  22}  bushels  per  acre  in  Spain,  while  the  lowest,  between  13  and  14 
bushels,  was  obtained  in  Roumania,  Servia,  and  European  Russia. 

Considering  the  average  yield  of  grain  in  five-year  periods  in  the 
above  table  and  the  yearly  yields  from  which  this  is  made  up,  as 
given  in  the  accompanying  tables,  and  bearing  in  mind  what  has  been 
said  regarding  the  great  fluctuations  due  to  seasonal  variations  in 
climate,  it  may  safely  be  said  that  the  figures  give  no  evidence  of 
decreased  productivity  of  the  older  soils  of  Europe  in  the  past  twenty- 
five  years.  From  the  more  meager  information  which  we  have  con- 
cerning production  during  earlier  periods  and  the  opinions  of  Euro- 
pean writers  who  have  especially  investigated  this  subject  from 
actual  farm  records,  it  would  seem  that  there  has  been  a  decided 
tendency  toward  increased  production;  and  this  has  resulted  mainly 
from  better  methods  of  soil  management,  as  the  use  of  conmiercial 
fertilizers  is  modern  in  Europe  as  it  is  in  this  country. 

Arrfttge  and  yitldi  o/ rereala  in  Auttria,  1884-1906,  by  yeari. 
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The  official  records  for  Austria  are  continuous  from  1884  to  1906, 
twenty-three  years.     They  show  a  remarkable  uniformity  in  acreage 
in  wheat,  rye,  oats,  barley,  and  com,  and  no  evidence  of  decrease  in 
productivity  in  any  of  these  crops. 
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A-riage  and  ykldt  ofrerraU  in  Hungary,  1SHS-I906,  by  year*. 
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Tlie  records  for  Hungary  from  18S3  to  1906,  twenty-four  years, 
show  an  increasing  acreage  in  wheat  and  com  of,  roughly,  33  and 
50  per  cent,  respectively,  and  a  practically  constant  acreage  in  rye, 
oats,  and  barley.  There  is  no  evidence  of  decreased  productivity 
of  any  of  those  crops,  but  on  the  contrary  fair  evidence  of  increased 
productivity. 

Arrmgt  and  yields  nfrrrenh  in,  Belgium,  1R80-1905,  liy  yean. 
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The  records  for  Belgium  are  continuous  from  1880  to  1905,  twenty- 
six  years,  with  a  decrease  of  about  one-third  in  the  area  in  wheat, 
and  a  nearly  constant  acreage  in  rye,  oats,  and  barley,  with  no  indi- 
cation of  decreased  productivity  for  any  of  these  crops. 
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The  estimates  of  the  yield  per  acre  for  Denmark  are  continuous  from 
1883  to  1905,  twenty-three  years,  and  show  no  tendency  to  decline. 
The  record  of  area  is  not  complete,  but  indicates  a  considerable 
decrease  for  wheat  and  a  fairly  constant  area  in  rye,  oats,  and  barley. 

Acreage  and  yields  o/eereaU  in  France,  I88S-I906,  by  yean. 
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The  records  for  France  are  continuous  for  com  from  1883  to  1905, 
and  for  the  other  crops  from  1883  to  1906,  twenty-four  years.  The 
area  in  wheat,  oats,  and  com  has  been  fairly  constant,  while  that  in 
rye  and  barley  has  considerably  decreased.  The  yield  per  acre  for 
none  of  the  crops  shows  any  tendency  to  decrease  (luring  this  period. 
From  the  long-time  records  from  1815  to  1876,  in  a  table  on  page  14, 
as  taken  from  the  official  report  of  the  French  minister  of  agriculture 
and  antedating  this  period  of  twenty-four  years,  there  had  been  a  con- 
siderable increase  in  productivity  of  the  soils  of  France,  particularly 
prior  to  1860. 

Acreage  and  yieldt  o/ctreals  in  Germany,  1883-1906,  by  yeart. 


4,?3«.IOO 

<;77j;3oo 

19. 

4, 89a, 900 

4,783,900 

30. 

14,147,200 
l*,43S,MO 
It, 428, 200 
14.439,500 
14.367,300 


yWtn 


"NoteatlTnatcdolIlclaLly. 

The  records  compiled  by  the  bureau  of  statistics  for  Germanj- 
cover  the  period  from  1883  to  1906,  twenty-four  years.  The  area 
in  rye  and  oats  appears  to  have  slightly  increased,  and  that  in  wheat 
to  have  been  constant.  The  estimates  for  barley  are  given  only  until 
1898.  The  yields  of  wheat,  rye,  oats,  and  barley  show  no  tendency 
to  decrease,  but,  on  the  contrary,  indicate  a  considerable  general 
increase  in  productivity,  agreeing  with  opinions,  quoted  above,  of 
those  who  have  looked  into  the  matter  of  individual  farm  records 
that  the  productivity  of  the  soils  in  Germanj'  has  increased  consid- 
erably within  historic  times.  There  is  certainly  no  evidence  to  show 
a  general  decrease  in  productivity. 
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Acreage  and  yields  of  cereals  in  Italy ,  1883-1905 ,  by  years. 
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ft  Average,  1879-1883. 


The  records  for  Italy  from  1883  to  1905  are  fragmentary.     So  far 
as  they  go  they  give  no  indication  of  a  decline  in  productivity. 

Acreage  and  yields  of  cereals  in  the  Netherlands ,  1883-1905,  by  years. 
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a  Winchester  bushels. 


The  records  for  the  Netherlands  are  complete  from  1883  to  1905, 
twenty-three  years.     The  yields  give  no  indication  of  decline.     The 
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area  in  wheat  and  barley  has  decreased  considerably;  that  in  rye  and 
oats  appears  to  have  slightly  increased. 

Acreage  and  yields  of  cereals  in  RouTnania,  18S6-190€f  hy  years. 
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4.435.800 
4,307.300 
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The  records  for  Roumania,  one  of  the  oldest  agricultural  countries 
of  Europe,  are  complete  from  1886  to  1906,  twenty-one  years.  The 
area  in  wheat,  oats,  and  com  has  considerably  increased,  while  that 
for  rye  and  bariey  has  remained  fairly  constant.  The  yields  have 
varied  considerably  from  season  to  season,  thus  wheat  yielded  only 6.3 
bushels  in  1899,  but  gave  22.8  bushels  in  1906.  Rye  gave  only  4.2 
bushels  in  1899,  but  gave  33.7  bushels  in  1905.  Oats  gave  8.2 
bushels  in  1899,  but  gave  29.8  bushels  in  1903.  Barley  gave  only 
2.9  bushels  in  1899,  but  gave  24.4  bushels  in  1893  and  24.3  bushels 
in  1906.  Com  gave  only  3.8  bushels  in  1904  and  5.6  bushels  in 
1899,  but  gave  25.4  bushels  in  1906.  There  is  no  indication  what- 
ever of  any  systematic  decline  in  productivity  during  this  period  of 
twenty-one  years,  but,  on  the  contrary,  the  indications  are  that 
there  has  been  an  increase. 
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Acreage  and  yields  of  cereals  in  Russia,  1883-1905,  by  years. 


Wheat 

t.    • 

Rye. 

Oats. 

Barle> 

■ 

Com. 

Year. 

Aver- 

Aver- 

Aver- 

Aver- 

Aver- 

Area. 

age 

Area. 

age 
yield. 

Area. 

age 

Area. 

yiSd. 
Bush.  • 

Area. 

age 
yield. 

yield. 

yield. 
Bush. 

Acres. 

Acre3. 

Bush. 

Acres. 

Bush. 

Acres. 

Acres. 

Bush. 

1883... 

f    7.9 

f    8.5 

16.5 

10.9  ' 

[    13.1 

1884. . . 

9.3 

10.7 

14.3 

10.8 

11.0 

1885... 

28,879,300 

6.2 

64,604,600 

10.9     34,882,800 

11.2 

Il2, 441,600 

8.1  1 

1,487,800 

I    11.6 

1886... 

5.7 

10.3 

16.3 

10.7  ' 

15.3 

1887... 

9.7 

11.5 

17.7 

13.5 

8.7 

1888... 

10.3 

10.9 

f  15.4 

! 

f  12.7 

1889... 
1890... 
1801... 

W,  601, 300 

6.5 
6.5 
5.2 

68,936,000 

8.3 
9.2 
6.8 

36,590,800 

14.3 
15.7 
12.4 

|l4, 397,800 

8.9 

11.0 

9.4 

(a) 

(°) 

1892... 

32,440,700 

7.1  163,200,300 

8.8  !  34,100,200 

13.7 

15,486,000 

10.9 

1893... 

32.434.000 

10.9 

61,961.900 

11.1 

33.138,000  1 

21.2 

15.787,200 

18.8     2,258,600 

18.0 

1804... 

32,852.200 

10.3 

6:),  230, 200 

12.8 

32.846,500 

21.4 

15,756.200 

16.0 

2,089,600 

9.3 

1896. . . 

31,894.300 

9.2 

62.595.300 

11.5 

33,973,300 

19.8 

15.808.600 

13.3 

1,917.600 

13.0 

1896... 

34,848.300 

8.6 

64.238,400 

10.9 

35,571,600 

18.8  , 

16,860,000 

12.4 

2,184,000 

7.9 

1897... 

35.606,400 

6.7 

62.646.600 

9.1 

36.206.500 

15.1  1 

17.218,800 

11.8 

2,211,500 

20.6 

1896... 

36.007,500 

9.3 

62.283.400 

10.2 

35,658,500 

15.7 

17,589,800 

14.5 

2.351.600 

10.8 

1899... 

38,045.200 

8.3 

63.405.600 

12.7 

36.112,400  ' 

23.3 

17,460,300 

10.3 

2,400,100 

0.4 

1900... 

39.966.900 

8.0 

65.738,400 

12.6 

37.399.300 

19.9 

17.585,400 

10.6 

2,709,400 

9.4 

1901... 

41.921,000 

7.6 

65,950,300 

10.3 

37.999,800 

13.9 

18. 128. 100 

10.4 

2.701,100 

22.5 

1902... 

42,590,200 

10.9 

65,871.400 

12.3 

37.252.400  ! 

21.7 

18.224,400 

15.1 

2,860,700 

14.1 

1903... 

43.753.200 

10.4 

66,511,200 

12.1     37.590,400 

17.3 

19,247,000 

15.1 

2.760.000 

14.6 

1904... 

45.635,300 

^1.4 

65,643,600 

13.6  ;  37,783.100 

26.6 

20,069,200 

14.5 

2.901.300 

6.6 

1905... 

48,071,200 

9.4 

64.689.600 

9.7 

38.605.700  : 

1 

19.9 

20.236.000 

1 

13.5 

2,870,400 

7.9 

a  Statistics  corresponding  to  those  of  production  not  available. 

The  records  for  Kussia  are  complete,  so  far  as  the  yields  per  acre 
are  concerned,  from  1883'  to  1905  for  wheat,  rye,  oats,  and  barley, 
but  incomplete  for  the  yield  of  com  and  for  the  acreage  in  all  the 
crops.  So  far  as  can  be  seen,  the  acreage  in  most  of  the  crops  has 
increased  and  there  is  no  indication  of  a  decline  in  productivity. 

Acreage  and  yields  of  cereals  in  Servia,  1893-1906,  by  years. 


Year. 


Rye. 


Acres. 

1893 783,600 

1897 691,300 

1898 695,900 

1899 997,900 

1900 766,100 

1901 753,200 

1902 804,600 

1903 860, 100 

1904 905.400 

1905 919;600 

1906 921,400 


Bush. 


11 

19 

14 

11 

10.6 

10.8 

14.2 

12.7 

12.9 

12.3 

14.3 


Aver- 

Area. 

age 

yield. 

Acres. 

Bush. 

147,800 

8.9 

91,900 

20.7 

111,700 

14.2 

146,100 

11.4 

87,900 

7.7 

93,300 

9.6 

98,400 

11.0 

106, 100 

10.4 

111,500 

9.2 

117,500 

9.4 

120,200 

13.0 

Com. 


Area. 


Aver- 
age 
yield. 


Area. 


Aver- 
age 
yield. 


Acres. 

Bush. 

Acres. 

Bush. 

261,800 

12.6 

227.600 

11.1 

247,300 

39.6 

185,200 

22.9 

235,100 

27.4 

237,200 

16.9 

250,100 

19.8 

281,400 

13.8 

210,600 

12.7 

184,900 

12.2 

226,200 

14.8 

196,000 

12.1 

248,100 

16.3 

217,900 

16.0 

267,600 

16.4 

234,900 

14.6 

250, 100 

12.2 

244,700 

12.9 

258.200 

13.7 

266,300 

13.8 

261,500 

17.7 

270,200 

17.6 

Acres. 
1,314,100 
1,107,900 
1,236,700 
1,148,500 
1,344,900 
1,251,600 
1.296,400 
1,319,100 
1.336.600 
1.366,300 
1,364,600 


I  Bush. 
13.8 
30.8 
22.8 
19.2 
16.1 
15.1 
14.2 
14.8 
7.1 
15.5 
20.7 


The  records  for  Servia  are  available  only  from  1893  to  1906.  The 
acreages  in  wheat,  rye,  oats,  barley,  and  com  are  fairly  constant, 
while  the  yields  show  at  least  no  decrease. 

The  same  holds  true  for  Spain  with  wheat,  rye,  barley,  oats,  and 
com  from  1890  to  1905,  with  some  omission  of  yearly  data;  for 
Swedenwdthwheat,  rye,  oats,  and  barley  from  1890  to  1905;  and  for 
Switzerland  with  wheat,  rye,  and  barley  from  1888  to  1905. 
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Acreage  and  yields  of  cereals  in  Spain^  1890-1905 ,  by  years. 


Wheat. 


Rye. 


Year. 


Area. 


1890. 
1892. 
1893. 
1894. 
1895. 
189C. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 


Acres. 
8,558,200 
8.366.800 
7,954,200 
K. 252, 100 
7.855.900 
7,825.200 
9. 532. 600 
9.543,100 
9.052,500 
9.559,700 
9.172,300 
9.150,100 
8,983.500 
9.023,000 
8,879,200 


Aver- 
age 
yield. 

• 

Buth.a 
8.8 
10.4 
11.8 
13.3 
10.8 
10.1 
9.7 
13.1 
10.8 
10.5 
14.9 
14.6 
14.4 
10.6 
10.4 


Area. 


Acre*. 
1,709.200 


1,518.100 
1,488,000 
1,674,200 
1.911,800 
1,775,800 
1.848,800 
11799.000 
1,969,000 
1.937.900 
1,930.800 
1,889,900 
1,854.200 


Aver- 
age 
yield. 

Bush.b 
10.5 


Barley. 


Area. 


Aver- 
age 
yield. 


Oats. 


Com. 


Acres.     Bush.l> 
3, 787, 100  I    10. 1 


Area. 

Aver- 
age 
yield. 

Acres. 

Bush.i> 

Area. 


Acres. 
660,300 


Aver- 
age 
yield. 


Bush.t 
24.3 


11.5 

11.7 
9.2 
9.9 

11. 

11. 


9 
5 


11.9 
14.4 
13.5 
11.7 
9.1 
14.3 


2.518. 
2,429. 
2,360, 
3.109. 
3,689, 
3.465. 
3.432. 
3,301, 

O.  dvv, 

3,539, 
3.413. 
3,336, 


200 
300 
600 
400 
900 
200 
400 
200 
900 
800 
900 
200 


23.0 
17.7 
13.8 
14.7 
19.7 
15.6 
16.5 
24.2 
22.6 
18.2 
15.8 
13.8 


730, 
653. 
683, 
874, 
938, 
932, 
937. 
944, 

1.111. 
1.115, 
1.103. 
1,119. 


100 
600 
100 
800 
000 
000 
200 
200 
800 
900 
4C0 
400 


17.0 
13.6 
11.5 
26.5 
18.1 
16.2 
17.5 
24.1 
21.0 
20. 6 
16.7 
19.9 


826.000 

793.800 

993,300 

1.095,500 

1,036,000 

1,160,200 

1,175.700 

1.156,100 

1,142.700 

921,000 

1,072.600 

1.148,900 


23.1 
19.8 
18.4 
18.0 
14.7 
22.1 
22.1 
22.3 
22.1 
20.4 
19.8 
27.7 


a  In  1890,  Inishels  of  capiK ity. 

b  I'rior  to  1897,  bushels  of  capacity. 

Acreage  and  yields  of  cereals  in  Sweden,  1890-1905,  by  years. 


Year. 


Wheal. 


Rve. 


Oats. 


Barley 


Area. 


I  Acres. 

1890 1  174,400 

1891 '  175.400 

1892 176,300 

1893 174.700 

1894 175,100 

1895 1  175.800 

1896 1  176,200 

lh97 178,100 

1898 '  182,800 

lo90 '  186.400 

1900 192,500 

1901 195,100 

1902 202.400 

1903 200,600 

1904 199.900 

1905 205,700 

I 


Avrrj*  e 
yitic 

Bush. a 
23.2 
24.7 
24.6 
22.3 
24.9 
21.1 
26.7 
26.3 
25.2 
24.4 
28.0 
21.5 
23.5 
27.6 
25.7 
26.9 


Area. 


Acres. 

964,500 

9<8.200 

9o7,900 

994.600 

904,100 

997,100 

1,007,500 

1,012,300 

1.014,200 

1,012,400 

1,015.800 

1,013,800 

1.017.200 

1.013,800 

1,016,500 

1,014,100 


Average 
yield. 

Bush. a 
22.  A 
22.0 
23.3 
23. 
19. 
19. 
23.0 
'22.7 
20.4 
20.0 
23.3 
21.5 
21.9 
23.0 
20.4 
24.1 


Area. 


5 
4 

2 


Acres. 
1.979,200 
1,992,100 
2,010,800 
2,021.200 
2.022,000 
2,044,600 
2,023,000 
2,033,100 
2.034,700 
2.027,500 
2,038,200 
2.040,100 
2,036.100 
2.036,300 
2,045,900 
2,030,800 


I  Average 
yield. 


Bush.a 
32.0 
26.4 
32.1 
27.9 
31.4 
31.0 
26.2 
26.6 
32.0 
24.9 
30.7 
1 
2 
3 
2 
28.8 


27. 
28. 

29. 
25. 


Area. 


Acres. 

546,200 

546. 600 

550,100 

540,300 

540,700 

542,600 

538,700 

542, 100 

545,700 

545,400 

537,600 

537,800 

531,400 

528.900 

526,300 

514,000 


Average 
yield. 


Bush.o 
27.0 
23.9 
25.2 
23.9 
26.4 
25.7 
25.2 
25.2 
27.2 
22.9 
25.7 
23.7 
23.1 
25.7 
25.6 
25.0 


a  Winchester  bushels. 


Acreage  and  yields  of  cereals  in  Sivitzerland,  1888-1905,  by  years. 


Year. 


1888. 

ias9. 

1890. 
1891. 
1892. 
1S93. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 


Wheat.                         Rye.              1              Oats. 

Barley. 

Area. 

Average        .              Avemgo        ,              Average 
yield.         '^^^^-         yield.         '^^'^-         yiCid. 

Area. 

Average 
yield. 

Acres. 
183,000 

174,000 

165,000 


UiO.OOO 
U>4.000 


164, 000 
\  157,000 


\ 


Bush. 
19. 
19. 
24. 
24. 
25. 
18. 
23. 
20. 
17. 
21. 
24. 
24. 
25. 
22. 
24. 
25. 
24. 
22. 


Acres. 

Bt 

77,000 

79,000 

79,000 

1 

88.000 
88.000 

• 

88,000 

92.000 

{ 

2:>.  7 

22.2 
27.8 
25. 6 
28.7 
22.5 
24.8 


21.5 
19.7 
23.0 
24.2 
25.9 
25.4 
24.0 
24.8 
26. 6 
26.9 
24.9 


Acres 
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Acreage  and  yields  of  cereals  in  Great  Britain y  1883-1906,  by  years. 


Year. 


Wheat. 


Area. 


!  Average 
yield. 


Acers. 

1883 1  2,  til3,200 

1884 1  2,677,000 

1885 1  2,478,300 

1886 2,285,900 

1887 2,317,300 

1888 2,5<>4,200 

1889 c 2 ,  449 ,  400 

1890 2,;iSG,300 

1891 2,307,300 

1892 2,219,800 

1893 1 ,897,500 

1894 1 .928,000 

1895 1 .417,500 

1896 1 .  6W ,  000 

1897 1 , 889 , 200 

1898 2,102,200 

1899 2,001,000 

1900 1 , 845 , 000 

1901 1,700,800 

1902 1,726,400 

1903 1,581,500 

1904 1 ,375,200 

1905 1,796.800 

1906 1,755,600 


Buth.a 


30.9 
32.3 
27.7 
33.1 
28.9 
30.8 
31.7 
32.2 
27.2 
20.8 
31.7 
27.1 
34.7 
30.0 
35.8 
33.8 
29.4 
31.8 
33.9 
31.1 
27.7 
33.8 
34.7 


Barley. 

Area. 

Average 
yield. 

Acres. 

Bush.a 

2,292,000 

2,168,800 

35.2 

2,257,300 

36.2 

2,241,200 

33.2 

2.085,200 

32.3 

2,085,600 

33.9 

2,121,600 

32.8 

2,111,200 

36.1 

2,112,800 

35.2 

2.036,800 

35.7 

2,075,100 

29.6 

2,095,800 

35.6 

2,166,300 

32.7 

2,104,800 

34.7 

2,0,35,800 

33.9 

1,90?,  700 

36.9 

1,982,100 

35.2 

1,990.300 

32.3 

1.972,400 

32.0 

1,909,400 

35.9 

1,868,500 

33.0 

1,840,700 

32.1 

1,713,700 

35.0 

1,751,200 

35.7 

Oats. 


Area. 


Acres . 

2,975,400 

2,915,400 

2,940,500 

3,081,600 

3.088,000 

2,882,300 

2,888,700 

2,903,000 

2,899.100 

2,997,500 

3,171,800 

3,253,400 

3,296,100 

3,095,600 

3,036,100 

2,917,800 

2,959,800 

3,026,100 

«,  <nM),9U0 

3,057,000 

3.140,200 

3; 252, 900 

3,051,400 

3,043,000 


Average 
yield. 


Buah.a 


38.7 

38.0 

39.0 

35.8 

38.4 

40.5 

42.7 

40.0 

40.0 

36.7 

42.9 

38.2 

38.0 

39.7 

42.0 

40.0 

39.1 

37.9 

44.0 

41. 

40. 

39.4 

41.8 


0 
4 


a  Winchester  bushels. 


The  records  given  for  Great  Britain  from  1883  to  1906,  twenty- 
four  years,  show  a  decrease  in  acreage  for  w^heat  and  barley  and 
fairly  constant  acreage  in  oats.  There  is  no  indication  of  any  decline 
in  productivity. 

Acreage  and  yields  of  cereals  in  Ireland,  1883-1906,  by  years. 


Year. 


Wheat. 


Barley. 


Oats. 


Rye. 


1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1S95 
1890 
1897 

i8as 

1899 
1900 
1901 
1902 
19a3 
1904 
19a5 
1906 


Area. 

Average 
yield. 

Acres. 

Bush. 

94,700 

25.5 

67,900 

27.3 

71,000 

28.8 

69,500 

27.0.' 

67,200 

2S.3 

99,000 

25.8 

89,700 

29.9 

92,300 

28.6 

80,900 

32.3 

75,400 

29.4 

55.000 

30.3 

49,, 300 

31.0 

36,500 

30.4 

.38,000 

31.4 

47.200 

28.7 

52,800 

'       35.2 

51,900 

33.4 

63,800 

31.3 

42,900 

34.2 

44,200 

36.2 

37,600 

31.3 

30,800 

33.7 

37,900 

37.8 

43,900 

34.8 

Area. 

-\  verage 
yield. 

Area. 

Average 
yield. 

Bush. 

Area. 

Average 
yield. 

Acres. 

Bush. 

Acres. 

Acres. 

Bush. 

183,600 

35.9 

1,381,900 

47.7 

7,200 

22.9 

167,400 

37.4 

1,348,400 

47.0 

7,100 

22.2 

179,500 

37.6 

1,328,900 

47.8 

8,400 

25.4 

181,900 

35.6 

1,322,000 

48.7 

10,600 

23,2 

162,400 

29.8 

1,315,100 

40.3 

10,800 

2r.6 

171,300 

36.9 

1,280,900 

48.2 

13,900 

26.8 

186.300 

40.7 

1,239,000 

49.8 

15,800 

25.8 

182,400 

39.2 

1,221,000 

51.0 

14,600 

23.2 

178,300 

43.4 

1,216,400 

54.2 

13,400 

27.1 

175,600 

38.3 

1,226,200 

51.6 

13,100 

25.1 

169,000 

38.3 

1,248,300 

54.4 

13,600 

26.5 

164,800 

39.9 

1,254,800 

53.8 

11,900 

25.6 

171,800 

38.7 

1.216,400 

52.4 

11,600 

26,7 

173,400 

42.3 

1,193,600 

49.9 

13,700 

25.5 

170.700 

35.4 

1,175,100 

48.4 

13,100 

21.7 

158,200 

44.0 

1,165,400 

66.1 

12,400 

25.6 

169,700 

41.8 

1,135,500 

55.2 

12,100 

25.7 

174,200 

37.3 

1,105,000 

55.5 

11,400 

25.7 

161,700 

42.1 

1,099,300 

56.6 

11,000 

27.3 

167,900 

49.3 

1,082,100 

60.6 

9,600 

28.1 

158,800 

38.3 

1,097,500 

53.6 

10,000 

26.9 

158,100 

34.7 

1,078,800 

55.8 

9,400 

26.0 

154.600 

46.4 

1,066,800 

56.9 

10.200 

27.0 

176,500 

40.9 

1,076,300 

58.3 

10,300 

27.6 

26 


CROP  YIELDS^  SOIL  COMPOSITION,  AND  PRODUCTIVITY. 


•  The  records  given  for  Ireland  are  complete  from  1883  to  1906, 
twenty-four  years.  They  show  a  material  decrease  in  acreage  for 
wheat,  a  slight  decrease  for  oats,  and  a  fairly  constant  acreage  for 
barley  and  rye.  There  is  no  indication  of  a  decline  in  productivity. 
The  largest  average  yield  of  wheat  per  acre  for  any  one  year  of  the 
countries  above-named  for  the  period  reported  on  by  the  Bureau  of 
Statistics  is  as  follows: 

Largest  average  yield  of  vheat  in  different  European  countries  in  any  year  covered  by 

reliable  statistics. 


Bushels. 

Russia 11.4 

Spain 14.9 

Italy 15.4 

Servia 19. 4 

Austria 20.2 

Hungary 21.8 

France 22.  7 

Roumania 22.  8 


Bushels. 

Switzerland 2o.  9 

Sweden 28.0 

Germany 30.  3 

Netherlands 33.  7 

Belgium 35.  1 

Great  Britain 35.  8 

Ireland 37.  8 

Denmark 44.  7 


The  largest  average  yield  of  wheat  for  any  one  year  in  several 
groups  of  States  in  the  United  States  for  forty  years,  as  compiletl 
from  the  Bureau  of  Statistics'  records,  is  as  follows: 

Ixirgest  wheat  yield  in  any  year  for  forty  years  in  several  groups  of  States. 

Bushels. 

Virginia,  North  (^arolina,  South  Carolina,  Georgia,  and  Alabama 11.2 

Kentucky  and  Tennessee 14.  3 

Texas  and  Arkansas 15.  2 

Wisconsin,  Michigan,  Iowa,  and  Illinois 16.  6 

Minnesota,  Nebraska,  Kansas,  and  Missouri 16.  7 

Ohio,  West  Virginia,  and  Indiana 17.  9 

New  Jersey,  Pennsylvania,  Delaware,  and  Maryland 19.  7 

California 20.0 

Ohio,  Indiana,  and  Illinois 20.  2 

Oregon 21.  1 

Maine,  New  Hampshire,  Vermont,  and  New  York 22. 4 

It  is  safe  to  say  that  the  soils  of  Europe  have  been  occupied  for  agri- 
cultural purposes  for  one  thousand  to  two  thousand  years  longer  than 
those  of  the  ITnited  States,  yet  during  the  past  twenty-five  years 
ten  out  of  the  sijctcen  countries  of  Europe  reported  upon  have  pro- 
duced more  wheat  per  acre  than  any  of  the  groups  of  States  in  the 
United  States  during  the  past  forty  years. 

A  careful  examination  of  all  the  availal)le  data  regarding  crop 
3"ields  in  the  European  countries,  and  a  comparison  of  these  with  the 
yields  of  the  newer  lands  of  the  United  States,  fails  entirely  to  justify 
the  conclusion  or  general  impression  that  the  productivity  of  the  soils 
of  Europe  is  decreavsing.  On  the  contrary,  one  would  be  justified  in 
concluding  that  with  tlie  general  increase  in  education  and  incentive 
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the  sum  of  the  individual  failures  at  the  present  time  is  rather  more 
than  counterbalanced  by  the  successes,  and  on  the  whole  there  has 
been  an  increase  in  productivity  within  historic  times. 

EVTDENCS  PRESENTED  BY  THE  YIELD  OF  CROPS  DOT  THE  UKITED 

STATES. 

The  impression  is  strong  and  widespread  that  the  productivity  of 
the  soils  of  the  United  States  is  decreasing.  It  is  beUeved  that  the 
soils  are  wearing  out  tlirough  loss  of  mineral  plant  food  removed  by 
crops.  It  is  beheved  that  in  the  ''early  seventies"  yields  of  50  to  60 
bushels  of  wheat  per  acre  were  common  over  the  prairie  soils  of  the 
Northwest. 

Whatever  may  have  been  accomplished  on  individual  farms  at  that 
time  or  since  or  however  much  we  may  be  impressed  with  the  indi- 
vidual failures  which  come  under  our  personal  observation,  a  careful 
study  of  the  ofl&cial  records  of  the  Bureau  of  Statistics  of  the  Depart- 
ment of  Agriculture  *»  fails  entirely  to  bear  out  the  general  impression 
that  the  yields  are  decUning  in  the  United  States  as  a  whole  or  in  any 
considerable  portion  of  the  area,  and  gives  us  a  very  different  and 
much  more  modest  impression  of  the  average  yields  obtained  in  the 
' '  early  seventies." 

In  1885,  about  twenty-four  years  ago,  Prof.  I.  P.  Roberts,  of  Cor- 
nell University,  made  inquiry  of  the  Department  of  Agriculture 
regarding  this  question  of  wheat  yield  and  the  statistician,  J.  R. 
Dodge,  sent  him  the  following  statement:'' 

In  response  to  your  inquiries  I  may  give  a  few  facts  tending  to  show  the  increase  of 
rate  of  yield  of  wheat,  the  principal  food-grain  of  countries  of  high  civilization,  as  the 
result  of  progressive  and  scientific  agriculture.  It  is  a  very  significant  fact  that  the 
countries  of  high  natural  fertility  of  virgin  soils  show  the  lowest  rates  of  yield,  while 
the  soils  of  countries,  long  cultivated  under  systematic  and  enlightened  methods,  give 
much  higher  returns.  Thus  in  Australasia  the  rate  of  yield  is  about  12  bushels  per 
acre,  as  in  this  country.     In  India  the  average  is  about  9  bushels. 

Coming  to  Europe,  the  average  of  Russia  may  be  said  to  be  6  to  7  bushels,  produced 
by  careless  cultivation  in  the  rich  soils  of  the  black-earth  belt  and  in  other  sections. 
The  average  of  the  valley  of  the  Danube  differs  little  from  the  average  yield  of  this 
country.    The  average  of  Portugal  is  usually  placed  at  about  13  bushels. 


"See  the  following  bulletins  of  the  Bureau  of  Statistics,  U.  S.  Department  of  Agri- 
culture: 
Bui.  56,  Com  Crops  of  the  United  States,  186&-1906. 
Bui.  57,  Wheat  Crops  of  the  United  States,  1866-1906. 
Bui.  68,  Oat  Crops  of  the  United  States,  1866-1906. 
Bui.  59,  Barley  Crops  of  the  United  States,  1866-1906. 
Bui.  60,  Rye  Crops  of  the  United  States,  1866-1906. 
Bui.  61,  Buckwheat  Crops  of  the  United  States,  1866-1906. 
Bui.  62,  Potato  Crops  of  the  United  Stetes,  186&-1906. 
Bui.  63,  Hay  Crops  of  the  United  States,  1866-1906. 
^  Report  of  the  Commissioner  of  Agricultiu-e  for  1885,  p.  375. 
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In  1873,  when  a  series  of  good  wheat  seasons  had  been  enjoyed  in  Europe,  an  inter- 
national statistical  commission  ^^  fixed  upon  the  following  average  rates  of  yield  for 
those  countries  of  Europe  that  furnished  statistical  data  to  determine  them : 

Bushels.  Bushels. 


Great  Britain 29.9 

Saxe- Altenbuig 28.  7 

Belgium 27.9 

Saxony 27.0 

Holland 24.  8 

N  orway , 23.  3 

Denmark 19. 5 

Finland 17.8 


Saxe- Weimar 17.2 

France 17. 1 

Baden 16.  9 

Wurtembeig 16. 6 

Roumania 13. 8 

Portugal 13.2 

Himgary 12.  6 


In  the  thirteenth  century,  according  to  J.  E.  Thorold  Rogers,  the  rate  of  yield,  while 
variable  and  not  accurately  determined,  was  not  thought  to  exceed  a  quarter  of  8 
bushels.  Arthur  Young,  in  1770,  made  the  average  in  England  23  bushels  per  acre, 
and  Sir  James  Caird,  in  1850,  26i  bushels.  Though  the  yield  is  given  in  the  above 
table  of  the  commission  at  29.9  bushels.  Sir  James  Caird,  in  1868,  thought  28  bushels 
near  the  real  average.  There  was  a  laige  yield  for  several  years  afterwards,  but  after 
1873  there  was  a  period  of  low  yield,  scarcely  equal  to  the  average  of  Ireland,  24 
bushels. 

In  France,  according  to  Alexander  Moreau  de  Jonnes,  in  his  Statistique  de  V  Agri- 
culture of  France,  the  average  yield  was  8  hectoliters  per  hectare,  or  a  little  more  than 
9  bushels  per  acre.  In  1873,  over  11  bushels;  in  1840, 14  bushels.  It  may  be  assumed 
that  the  yield  per  acre  in  France  is  now  very  nearly  double  the  rate  two  hundred  years 
ago.  It  is  not  much  over  a  half  a  century  since  the  average  rate  of  France  passed  the 
present  yield  in  this  country. 

Evidence  from  Russia  is  not  very  explicit,  though  its  tenor  is  favorable  to  gradual 
increase  of  rate  of  yield.  It  has  conditions  much  like  our  own,  large  areas  of  new  and 
cheap  lands,  which  tend  to  prevent  rapid  change  of  rate,  while  the  elementa  of  im- 
provement are  in  active  movement  locally.  As  to  this  country,  the  average  has  not 
materially  increased  for  the  whole  area,  because  that  area  is  geographically  changing. 
It  is  shifting  from  east  to  west  and  to  northwest,  taking  in  fresh  prairie  lands  and  giving 
up  to  grass  and  other  crops  a  part  of  the  more  eastern  acreage.  Yet,  on  the  whole,  it  is 
not  so  much  abandonment  of  older  areas  as  the  taking  up  of  western  lands  in  the 
increase  of  breadth.  This  change  perpetuates  substantially  the  original  conditions, 
and  keeps  the  average  nearly  the  same,  viz,  about  12  bushels  per  acre  for  a  series  of 
years  throughout  the  entire  breadth  in  wheat. 

I  find  no  evidence  that  the  yield  is  decreasing  in  this  country.  In  a  given  field  in 
the  spring- wheat  region,  the  rate  will  increase  for  a  year  or  two  after  breaking,  then 
begin  to  decline,  not  from  soil  exhaustion,  but  from  preoccupation  of  the  soil  with 
weeds.  Yet  there  is  evidence  that  the  rate  of  yield  is  increasing  in  Western  New 
York,  Southern  Michigan,  and  the  wheat  counties  of  Ohio,  Indiana,  and  Illinois,  and  in 
Maryland,  where  some  semblance  of  rotation  exists  and  cultivation  has  some  pretense 
of  a  scientific  basis.  In  those  regions  the  average  is  already  about  the  same  as  in 
France,  and  is  20  to  50  per  cent  higher  than  the  general  average.  In  1879  the  areas 
above  mentioned  averaged  about  18  bushels  per  acre,  while  spring  wheat,  grown  year 
after  year  amid  weeds  and  without  any  real  cultivation  of  the  soil,  only  produced  11 
bushels  per  acre. 

oA  summary  of  the  results  of  the  International  Statistical  Congress  held  at  St. 
Petersburg  in  1872  is  contained  in  the  Report  of  the  Commissioner  of  Agriculture, 
p.  254,  1876. 
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Again,  in  1886,  Dodge  makes  the  following  statement:* 
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It  is  Bometimee  aasumed  that  the  yield  of  wheat  is  declining  in  this  country.  This 
conclusion  is  not  warranted  by  the  facts.  The  average  for  six  years  past  is  12. 1  bushels 
per  acre,  ranging  from  10.4  to  13.6  annually.  The  average  of  the  preceding  ten  years 
was  12.4.  Almost'any  period  of  five  to  eight  years  has  heretofore  mada  an  average 
very  slightly  exceeding  12  bushels.  The  older  wheat-growing  States  make  larger 
averages  than  the  newly  settled  regions,  not  because  the  land  is  richer,  but  because  it 
is  more  thoroughly  cultivated.  In  the  future,  as  rotation  and  thorough  culture  pre- 
vail, the  average  rate  of  yield  must  be  expected  to  increase/  as  it  has  done  in  some 
sections  already. 

With  the  complete  records  of  the  Bureau  of  Statistics  extending 
over  forty  years  we  should  be  in  a  better  position  to  draw  conclusions 
than  was  Dodge,  with  less  than  half  the  records.  Nevertheless  it 
is  extremely  difficult  to  draw  positive  conclusions  from  estimates, 
even  with  records  extending  over  a  period  of  forty  years,  in  a  country 
which  has  been  rapidly  developing  and  when  the  basis  of  the  esti- 
mates, namely,  the  area  is  rapidly  increasing  and  where  the  seasonal 
variations  are  large.  It  may  not  be  safe  to  assume,  as  may  be  done 
with  the  European  records,  that  the  sum  of  individual  failures  at 
present  is  rather  more  than  coimterbalanced  by  the  sum  of  individual 
successes  as  compared  with  the  past,  and  to  say  that  there  is  an  indi- 
cation of  increased  productivity,  since  the  agricultural  history  of  this 
country  is  not  old  enough  nor  is  the  period  covered  by  statistics  long 
enough  to  justify  such  a  positive  statement.  The  records  are,  how- 
ever, sufficient  for  the  statement  that  there  is  no  evidence  to  prove  a 
decrease  in  productivity. 

THE  YIELD   PER   ACRE   OF   WHEAT   IN   THE   UNITED   STATES. 

The  average  yield  of  wheat  in  the  United  States  for  the  past  forty 
years  from  1867  to  1906  is,  according  to  the  records  of  the  Bureau  of 
Statistics,  12.7  bushels  per  acre. 

The  following  table  gives  the  yields  for  each  year  in  the  several 
decades: 

Average  yield  per  acre  of  wheat  in  the  United  States  from  1867  to  1906,  by  years  and  by 

decades. 


18C7-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Bushels. 

Bushels. 

Bushels. 

Bushels. 

11.6 

13.9 

12.1 

13.4 

12.1 

13.1 

11.1 

15.3 

13.6 

13.8 

12.9 

12.3 

12.4 

13.1 

11.1 

12.3 

11.6 

10.2 

16.3 

15.0 

11.9 

13.6 

13.4 

14.5 

12.7 

11.6 

11.4 

12.9 

12.3 

13.0 

13.2 

12.5 

11.1 

10.4 

13.7 

14.5 

10.5 

12.4 

12.4 

15.5 

12.0 

12.5 

12.7 

13.8 

a  Report  of  the  Commissioner  of  Agriculture  for  1886,  p.  373. 
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The  straight  or  unweighted  averages  for  the  several  decades,  12.0, 
12.5,  12.7,  13.8,  indicate  a  gradual  and  regular  increase  in  produc- 
tivity. However,  when  these  figures  are  platted  and  a  medial  line 
drawn  through  the  figure,  there  is  indicated  a  slight  downward  curve 
with  the  low  point  of  the  curve  about  1886-87,  the  end. and  beginning 
of  a  decade,  which  accounts  for  it  not  being  shown  in  the  averages. 

A  corresponding  depression  is  noticed  in  the  records  for  nearly  all 
the  States  and  indicates  very  strongly  a  general  seasonal  influence  over 
most  of  the  country  during  the  middle  of  the  forty-year  period.  In 
fact,  a  critical  examination  of  all  the  data  presented  in  this  bulletin 
indicates  that  a  full  forty-year  period  is  the  smallest  unit  which  should 
be  taken  to  minimize  seasonal  fluctuations  in  order  to  give  a  normal 
average  which  can  safely  be  used  as  a  basis  for  comparison  of  relative 
productivity.  Certainly  ten-year  and  even  twenty-year  averages  can 
not  be  used  with  perfect  assurance. 


mn  i»7  iw^ 

Fig.  1.— Average  yield  of  wheat  in  tlie  United  States  from  1867  to  1906. 
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So  far  as  the  available  data  can  be  relied  upon  for  any  conclusion, 
it  may  be  said  that  there  is  on  the  whole  a  decided  tendency  toward 
increased  productivity  of  the  soils  of  the  United  States. 

We  must,  however,  see  if  this  has  been  influenced  to  any  significant 
degree  by  the  extension  of  wheat  growing  into  new  areas,  as  the  mean 
acreage  of  wheat  in  the  United  States  for  the  several  decades  is  given 
as  21,661,078,  35,060,189,  36,583,809,  and  45,540,593.  There  are  33 
States  which  have  a  higher  average  yield  per  acre  than  the  United 
States  as  a  whole,  and  15  States  having  a  lower  yield.  If  propor- 
tionately more  of  the  increase  in  acreage  has  occurred  in  the  33  States 
having  above  the  average  yield  of  the  country  as  a  w^hole,  the  increase 
in  yield  per  acre  in  the  United  States  would  be  accounted  for.  To 
determine  this,  we  must  take  up  the  records  of  the  individual  States 
or  groups  of  States  having  somewhat  similar  yields  and  similar 
increases  or  decreases  in  acreage. 

In  the  following  table  the  States  for  which  the  Bureau  of  Statistics 
has  full  forty-year  records  (except  California,  which  has  records 
extending  for  only  thirty-nine  years)  are  arranged  in  the  order  of  the 
average  yield  per  acre  of  wheat  over  this  period : 


THE  YIELD  OF   CROPS  IN   THE  UNITED  STATES.  31 

Average  yield  of  wheat  in  bushels  per  acre  in  different  States  for  forty  years  ^  1867  to  1906. 

Bushels.    '  *  Bushels. 

California 12. 9 

Average  for  United  States 12. 7 

Iowa 12. 4 

Missouri 12. 2 

Texas 11. 5 


Vennont 18. 5 

Maine 16.  5 

New  York 15.  7 

New  Jersey 14. 5 

Michigan 14. 5 


Pennsylvania 14. 2  West  Virginia 10. 6 

Ohio 14. 1  .  Kentucky 10. 5 

Kansas 13. 9  Virginia 9. 1 

Wisconsin 13.  7  Arkansas. . .' 8. 9 

Minnesota 13.6  Tennessee 8.2 

Maryland 13.  3  Mississippi 8. 1 

Illinois 13.2  Alabama 7.6 

Nebraska 13.1  Georgia 7.1 

Indiana. 13.1  North  Carolina 6.9 

Delaware 13. 1  ,  South  Carolina 6.  6 

The  most  obvious  fact  brought  out  by  this  table  is  that  the  ar- 
rangement shows  roughly  three  geographical  groups  of  States,  the 
Southern  States  having  very  small  yields,  the  New  England  States 
with  New  York  showing  the  largest  yields  (two  or  three  times  as 
large  as  the  Southern  States),  and  the  great  wheat  States  of  the  Mid- 
dle West  coming  between. 

The  average  yield  for  each  of  the  four  decades  from  1867  to  1906 
is  given  for  each  of  the  States  in  the  table  prepared  by  the  Bureau 
of  Statistics  and  published  in  the  Crop  Reporter  for  December,  1908. 
These  show  a  general  ten^lency  to  increase,  but  there  are  fluctuations 
which  make  it  diflicult  to  draw  satisfactory  conclusions,  since  the  sea- 
sonal variations  have  not  been  entirely  eliminated  even  over  so  long 
a  period,  and  we  know  that  great  changes  have  occurred  in  the  acreage 
of  certain  of  the  States;  it  is  importaht  to  see  the  effect,  if  any,  of 
these  changes  upon  the  average  yield. 

For  the  present  purpose  it  has  been  deemed  best  to  group  the  States 
with  due  regard  to  equality  of  yield  per  acre  and  increase  or  decrease 
in  acreage  in  order  to  further  minimize  the  influence  of  seasonal 
variation  of  climate. 

In  considering  the  change  in  the  productive  capacity  as  measured 
by  the  yield  per  acre  of  crops,  it  is  necessary  to  have  records  covering 
a  sufficiently  long  period  to  reduce  the  seasonal  variations  to  a  very 
small  amount,  but  it  is  imfortunate  that  we  have  available  no  con- 
tinuous records  in  this  country  for  more  than  forty  years,  either  for 
a  State  or  for  any  individual  farm  or  constant  area  of  any  soil  type. 

The  nearest  approach  to  this  constant  acreage  and  uniformity  of 
yield  in  several  States,  where,  at  the  same  time,  records  of  the 
Bureau  of  Statistics  are  available  for  forty  consecutive  years,  is  in 
what  may  be  taken  as  two  groups  of  States,  namely,  Maine,  New 
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Hampshire,  Vermont,  and  New  York;  and  New  Jersey,  Pennsylvania, 
Delaware  and  Maryland.  In  all  of  these  States  agriculture  is  old 
and  in  the  past  forty  yeara  there  has  been  relatively  very  little  new 
land  to  take  up. 

Average  yield  per  acre  of  wheat  in  Maine,  New  Ilampskire,   Vermont^  and  New    York, 

from  1S67  to  2906f  by  years  and  by  decades. 


1867-1876. 

1877-1886. 
Buahelt. 

Busfuls. 

13.3 

17.0 

13.1 

16.0 

Hi.  7 

14.5 

15.0 

14.3 

15.5 

15.3 

15.3 

14.6 

13.0 

14.2 

15.9 

15.8 

U.  1 

15.6 

14.2 

16.2 

14.7 

15.4 

1887-1896. 

1897-1906. 

Btuhrla. 

Bushflt. 

13.2 

17.7 

15.0 

20.6 

15.0 

20.1 

15.1 

19.3 

16.7 

18.6 

16.6 

20.3 

15.6 

21.4 

19.7 

19.9 

21.4 

20.9 

20.9 

22.4 

16.9 

20.1 

In  Maine  and  Vermont  the  acreage  in  wheat,  at  all  times  small, 
has  been  reduced  considerably  in  later  years,  and  the  yield  per  acre 
has  materially  increased  during  the  successive  decades.  It  may  be 
argued  that  this  increase  in  yield  per  acre  is  due  to  the  abandon- 
ment of  lands  less  well  ada])ted  to  wheat;  but  in  New  York,  which 
has  a  very  much  larger  acreage,  but  with  much  smaller  change  in 
acreage,  the  yield  has  increased  nearly  as  much.  If  we  take  the 
figures  representing  the  yield  per  acre  for  e^,ch  of  the  States  for  the 
four  decades  as  an  indication  only  of  productivity  and,  regardless  of 
acreage,  add  them  together,  we  get  a  factor  of  relative  productivity 
for  the  different  decades  in  which  the  seasonal  fluctuations  will  be 
more  nearly  eliminated  than  if  we  had  used  the  weighted  averages, 
and  while  the  results  show  the  same  order  of  increase  we  get  a 
smoother  curve. 

Reducing  these  sums  to  figures  approximately  equal  to  the  aver- 
age yield  per  acre  of  the  several  States,  by  dividing  by  the  number 
of  years,  the  relative  yields  of  the  several  decades  are  represented  by 
the  figures  14.7,  15.4,  16.9,  and  20.1,  indicating  a  decided  and  pro- 
gressive incretuse  in  the  productivity  of  the  lands. 

These  States,  however,  show  a  remarkable  falling  off  in  the  total 
land  values  and  contain  many  so-called  '* abandoned"  farms,  but  so 
far  as  the  production  of  wheat  is  concerned  this  is  not  due  to  a  decline 
in  fertility  or  to  the  wearing  out  of  the  soil;  the  explanation  must  be 
sought  in  changed  economic  conditions  connected  with  the  relative 
cost  of  production  and  other  conditions  which  are  outside  of  the  scope 
of  this  discussion. 
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The  accompanying  diagram  shows  even  more  clearly  than  the 
average  figures  for  the  decades  the  rate  of  increase  in  productivity. 

The  effect  of  the  intelligent  reduction  of  acreage  mentioned  as  a 
possible  factor  in  increasing  the  yield  per  acre  of  wheat  in  the  New 
England  States  and  New  York  can  not  hold  with  the  second  group  of 
States  above  mentioned,  as  the  acreage  has  varied  but  little  in  the 
States  of  New  Jersey,  Pennsylvania,  Delaware,  and  Maryland. 
Nevertheless,  by  combining  the  yields  per  acre  as  productivity  factors 
for  these  States,  as  was  done  with  the  first  group,  the  relative  order  of 
productivity  for  the  different  decades  is  represented  by  the  figures 
12.7, 12.9, 13.5,  and  16.1,  again  showing  a  regular  increase  for  a  group 
of  some  of  the  older  States,  where  the  land  has  practically  all  been 
settled  for  much  longer  than  the  forty  years  covered  by  the  data. 


1B67  1677  1667  1697  1907 

Fio.  2.— Average  yield  of  wheat  In  Maine,  New  Hampshire,  Vermont,  and  New  York  from  1867  to  1906. 


Average  yield  per  acre  of  wheat  in  New  Jersey,  Penneulvania,  Delaware,  and  Maryland, 

from  1867  to  1906,  by  years  ana  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Bu^uU. 

Buthelt. 

Btu^lt. 

ButiuU. 

11.7 

13.5 

10.0 

19.7 

12.2 

14.0 

13.1 

15.9 

14.2 

13.8 

11.9 

13.8 

11.1 

15.0 

11.4 

18.1 

14.4 

11.8 

14.7 

17.4 

10.5 

13.4 

13.8 

15.8 

13.2 

12.3 

14.2 

13.1 

13.0 

12.5 

14.7 

13.9 

12.6 

9.9 

14.4 

15.9 

13.8 

13.3 

16.1 

17.0 

12.7 

12.9 

13.5 

16.1 

The  accompanying  diagram  brings  out  one  detail  which  is  not 
clearly  apparent  in  the  table  of  figures  or  in  the  averages  for  the 
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decades,  namely,  that  in  the  latter  part  of  the  second  decade  and  the 
first  part  of  the  third  decade  there  was  a  marked  decline  in  produc- 
tivity, evidently  due  to  seasonal  influences. 

The  general  trend  of  the  curve  is  undoubtedly  upward.  In  con- 
sidering the  estimates  of  the  Department  of  Agriculture  it  must  be 
remembered  that  as  soon  as  the  actual  figures  are  available  from 
each  decennial  census  the  estimates  of  the  bureau  on  the  acreage 
and  yield  are  adjusted  to  meet  the  ascertained  facts,  and  this  may 
have  an  influence  on  the  estimates  of  the  yield  per  acre.  It  is 
significant  that  this  departure  from  the  general  trend  of  the  curve 
begins  at  1881  and  ends  at  1891,  when  the  census  figures  were  avail- 
able. It  will  be  seen  in  considering  the  yield  of  corn  that  this  factor 
has  undoubtedly  influenced  the  estimates  to  a  notable  extent,  espe- 
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Fio.  8.-— Avenge  yield  of  wheat  in  New  Jersey,  Pennsylyania,  Delaware,  and  Maryland  from  1867  to  1S06. 

cially  for  some  of  the  States.  It  is  of  course  apparent  that  this 
method  of  diagrammatical  representation  is  a  very  rigorous  expression 
of  estimates,  and  brings  out  inequalities  which  might  not  be  brought 
out  by  a  similar  diagram  of  ascertained  facts,  if  such  facts  could  be 
established  each  year,  as  is  done  each  decennial  year  by  the  Census 
Bureau.  Such  definiteness  is  not  possible  under  the  methods  which 
must  be  employed  by  the  department,  nor  is  it  claimed  for  these 
estimates.  Anyone  at  all  f  amihar  with  statistical  work  will  clearly 
understand  these  limitations. 

In  the  States  of  Virginia,  North  CaroUna,  South  Carolina,  Greorgia, 
and  Alabama  the  average  yields  per  acre  have  been  closely  com- 
parable and  the  acreage  not  very  different  either  among  the  States 
or  during  the  period  of  forty  years.  The  averages  are  not  so  regular 
as  in  the  last  two  groups  of  States,  in  that  the  figure  representing 
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the  average  for  the  second  decade  is  six-tenths  of  a  bushel  lower 
than  the  first,  and  for  the  third  decade  five-tenths  of  a  bushel  less 
than  for  the  first  decade. 


Average  yield  per  acre  of  wheat  in  Virginia^  North  Carolina,  South  Carolivja^  Georgia^ 

and  Alaoamaj  from  1867  to  1906,  by  years  and  by  decades. 


1887-1876. 

1877-1886. 

1887-1806. 

1807-1006. 

BiuheU. 

BiuheU. 

ButheU. 

Bushels. 

7.4 

0.0 

6.8 

0.6 

6.3 

6.7 

5.8 

11.2 

8.1 

8.4 

6.8 

7.2 

8.3 

6.5 

4.8 

0.8 

6.1 

6.7 

7.4 

0.1 

8.3 

7.5 

7.8 

5.7 

6.7 

6.1 

8.2 

7.1 

7.7 

6.5 

7.1 

0.2 

7.7 

5.1 

7.3 

8.1 

7.3 

5.8 

7.0 

10.4 

7.4 

6.8 

6.0 

8.7 

The  medial  line  of  the  diagram  shows  a  depression.    Whether  this 
is  real  or  is  influenced  in  any  way  by  a  readjustment  to  conform  to 


Fio.  4.— Average  yield  of  wheat  in  Virginia,  North  Carolina,  South  Carolina,  Georgia,  and  Alabama  from 

1867  to  1006. 

the  facts  estabUshed  by  the  census  of  1880,  the  figures  for  which  are 
known  to  have  been  available  in  1881,  and  by  the  census  figures  of 
1890,  can  not  now  be  established  with  any  certainty.  In  any  event 
the  general  trend  of  the  line  is  upward  rather  than  downward  as 
popularly  supposed. 

Ohio,  Indiana,  and  IlUnois  form  another  group  of  States  having 
nearly  the  same  acreage  and  the  same  yields  per  acre  in  which  the 
yield  per  acre  for  the  past  forty  years  has  apparently  at  least  held  its 
own  or  even  increased,  the  relative  productivity  of  the  three  States 
for  the  four  decades  being  represented  by  the  figures  11.9,  14.2,  13.8, 
and  13.9. 
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Average  yield  per  acre  of  wheat  in  OhiOf  Indiana,  and  Illinois,  from,  2S67  to  1906,  by 

years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

ButheU. 

BtuheU. 

ButheU. 

Butkelt. 

11.2 

15.3 

13.9 

12.6 

11.9 

15.9 

11.6 

14.5 

13.7 

19.5 

15.1 

11.8 

12.3 

17.0 

11.2 

8.1 

12.5 

10.8* 

17.7 

16.2 

12.1 

16.4 

14.8 

17.0 

12.2 

10.1 

13.4 

10.7 

12.9 

13.1 

18.5 

11.5 

9.7 

9.8 

11.2 

17.1 

10.7 

14.5 

10.9 

20.2 

11.9 

14.2 

13.8 

13.9 

Two  areas  of  slight  depression  are  shown  in  the  medial  curve  of  the 
diagram,  but  as  a  whole  the  line  shows  a  tendency  to  rise. 
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Fio.  5.— Average  yield  of  wbeat  in  Ohio,  Indiana,  and  Illinois  from  1867  to  1906. 
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We  now  come  to  two  groups  of  States  showing  some  marked  dif- 
ferences in  acreage  in  the  last  forty  years. 

The  acreage  in  wheat  in  the  first  of  these  groups,  embracing  Wis- 
consin, Michigan,  Iowa,  and  Illinois**  has  decUned  considerably.  The 
total  average  acreage  in  wheat  for  the  four  decades  is  7,336,041, 
8,525,988,  5,697,582,  and  4,572,012.  The  relative  yield  per  acre  of  the 
group  of  States  for  the  corresponding  decades  may  be  expressed  by  the 
figures  12.4,  13.3,  13.8,  and  14.3,  as  shown  by  the  following  table: 

a  The  object  in  ayeiaging  the  yields  of  several  States  being  to  decrease  the  seasonal 
variation  and  acreage  variation,  it  has  been  deemed  best  to  use  the  data  for  Illinois 
in  two  groups,  since  this  State  may  be  classed  geographically  with  Ohio  and  Indiana, 
and  with  Iowa,  Wisconsin,  and  Michigan.  Similarly,  the  data  for  a  State  has  been 
used  below  in  more  than  one  group  of  States,  as  desired,  to  secure  as  wide  a  basis 
for  the  averages  as  is  possible. 
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Average  yield  per  acre  of  wheat  in  Wieconnrij  Michigan^  lUinoia,  arid  Iowa,  from  1867  to 

1906y  by  years  and  by  decades. 


1867-1876. 

1877-188«L 

1887-1896. 

1897-1906. 

Bushda. 

Buriielt. 

Bushels. 

Bushels. 

12.2 

16.9 

12.2 

12.0 

12.9 

13.4 

12.4 

1&6 

13.7 

16.2 

14.5 

11.7 

13.0 

13.4 

11.7 

12.9 

12.3 

9.3 

16u4 

1&3 

12.7 

14.7 

13.5 

16.6 

13.8 

11.9 

12.4 

18.0 

12.2 

13.5 

16.3 

12.7 

11.9 

12.7 

14.8 

16.3 

9.1 

13.4 

14.2 

1&2 

12.4 

13.8 

18.8 

14.3 

This  shows  an  itpparentlj  pegular  increase  in  productivitj  and  by 
referring  to  the  diagram  it  is  seen  that  with  one  slight  depression  the 
direction  of  the  medial  line  is  upward,  indicating  an  increasing  pro- 
ductivity.    It  may  be  argued,  as  in  the  case  of  the  New  England 
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6.— Average  yield  of  wheat  in  Wlsooosln,  Michigan,  Illinois,  and  Iowa  from  1867  to  1906. 


States,  that  in  restricting  the  acreage  the  lands  less  well  adapted  to 
wheat  have  been  first  abandoned  and  the  average  yield  increased  in 
this  way,  but  this  is  negatived  by  a  similar  increase  in  productivity  in 
groups  of  States  where  the  acreage  has  remained  constant  or  has 
increased. 

We  have  another  group  of  closely  adjacent  States,  namely,  Minne- 
sota, Nebraska,  Kansas,  and  Missouri,  where  the  acreage  has  largely 
increased  the  sum  of  the  mean  acreage  for  the  several  decades,  being 
2,693,576,  7,799,182,  8,654,331,  and  14,364,930.  The  relative  yield 
per  acre  of  the  group  may  be  expressed  by  the  figures  13.8,  12.6,  12.6, 
and  14,  showing  an  apparent  increase.  The  figures  for  Minnesota 
and  Kansas,  it  is  true,  appear  to  show  a  slight  decrease,  but  the 
seasonal  variations  in  both  these  States  are  large,  so  large  they  are  not 
eliminated  in  the  ten-year  periods.  For  example,  in  Nebraska  in  the 
first  and  third  decades  the  difference  between  the  highest  and  lowest 
yield  is  actually  greater  than  the  average  yield  for  forty  years.    The 
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lai^r  the  group  of  States  that  can  be  compared^  other  things  being 
equal,  the  better. 

Average  Afield  per  acre  of  wheat  in  Minne^oUij  Nehraeka^  Kanns^  and  Missouri,  from  2S67 

to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

13.6 
l&O 
16.7 
144 
12..7 
12.3 
15.2 
13.1 
13.2 
1L7 

Buakelt. 
15.3 
13.1 
12.2 
11.3 
9.1 
13.9 
140 
145 
10.1 
12.4 

Bwheli. 
1L9 
11.4 
145 
11.9 
16.4 
13.5 
9l1 
11.6 
13.7 
12.6 

Btukds. 
18.0 
141 

ia9 

13.2 
16.1 
16.3 
12.9 
12.6 
148 
15.7 

13.8 

12.6 

12.6 

140 

The  accompanjring  diagram  shows  the  medial  line  describing  one 
great  imiform  curve  with  the  points  of  origin  and  ending  approxi- 


FiQ.  7.— Average  yield  of  wheat  in  Minnesota,  Nebraska,  Kansas,  and  Missouri  from  1867  to  1906. 

mately  at  the  same  elevation.  Some  doubt  is  cast  upon  the  validity 
of  this  curve  on  accoimt  of  the  uncertainty  as  to  what  influence,  if 
any,  the  census  figures  available  in  1881  had  upon  the  basis  of  esti- 
mating the  yields  for  the  decade  ending  with  the  publication  of  the 
figures  for  the  1890  census.  If  an  adjustment  was  made  so  that  the 
medial  line  need  not  be  continuous  the  most  probable  course  would 
be  represented  by  the  broken  lines.  If  the  continuous  curve  is 
followed  there  is  no  evidence  of  permanent  dechne  in  productivity. 
If  the  broken  line  is  followed  there  is  evidence  of  a  general  and  con- 
tinuous increase  in  productivity. 

We  are  justified  in  concluding  in  this  group  of  States  where  the 
acreage  has  increased  the  productivity  has  increased,  as  was  shown 
in  the  last  group  of  States  where  the  acreage  has  decreased. 
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Combining  the  data  for  all  eight  of  the  States  just  named — ^Wis- 
consin, Michigan;  Iowa,  Illinois,  Minnesota,  Nebraska,  Kansas,  and 
Missouri — ^we  get  for  the  average  figures  for  the  four  decades  13.1, 
13,  13.2,  and  14.1. 

Average  yield  per  acre  of  wheat  in  Wisoonsin,  Michigan^  lowa^  Illinois,  Minnesota, 
Nebraska,  Kansas,  and  Missouri,  from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Stuhelt. 

Bushels. 

Bushels. 

Bushels. 

12.8 

15.6 

12.0 

12.6 

14.0 

13.3 

11.9 

15.3 

15.2 

13.7 

14.5 

11.3 

13.7 

12.3 

11.8 

13.1 

12.5 

9.2 

15.9 

15.7 

12.5 

14.3 

13.5 

16.4 

14.5 

13:0 

ia7 

12.9 

12.6 

14.0 

13.9 

12.7 

12.6 

11.4 

14.2 

15.5 

10.4 

12.9 

13.4 

15.9 

13.1 

13.0 

13.2 

14.1 

In  the  diagram  we  can  only  show  the  medial  line  as  making  one  long 
curve  sloping  gently  downward  from  the  origin  during  half  the 
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FiQ.  8.— Average  yield  of  wheat  in  Wisconsin,  Michigan,  Iowa,  Illinois,  Minnesota,  Nebraska, 

Missouri  from  1867  to  1906. 

period,  and  then  upward  to  the  end  point,  which  is  somewhat  higher 
than  the  origin,  as  though  the  seasonal  changes  had  passed  through  a 
single  cycle  of  forty  years.  If  there  was  an  adjustment  of  the 
department's  estimates  in  1881  to  conform  with  the  data  of  the 
Tenth  Census,  then  it  would  have  shown  a  broken  Une,  each  section 
rising  slightly  from  the  two  points  of  origin. 

Kentucky  and  Tennessee  have  each  maintained  a  fairly  constant 
acreage  for  the  forty-year  period.  The  figures  representing  the 
average  yield  by  decades,  8.8, 8.1, 9.7, 10.9,  indicate  a  gradual  increase 
save  for  a  slight  decrease  in  the  second  decade.  The  diagram  shows 
this  to  be  due  to  a  slight  depression  originating  at  the  same  period  as 
in  several  of  the  other  groups  of  States. 
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Average  yield  per  acre  of  wheat  in  Kentucky  and  Tennessee  from  1867  to  1906,  by  yean 

OTidby  decades. 


1867-1876. 

1877-1886. 

1887-1886. 

1807-1906. 

Budui*. 

SutkeU. 

Budui*, 

BuAdt, 

&4 

las 

0.1 

12.4 

7.6 

7.2 

0.4 

14.  S 

».7 

11.0 

0.8 

&0 

0.4 

7.4 

&2 

11.6 

6.6 

6.8 

11.2 

11.5 

ia& 

ia7 

ia7 

&8 

&1 

6.7 

las 

7.8 

0.8 

8.8 

las 

11.5 

0.8 

3.4 

0.0 

0.3 

0.2 

8.0 

8.6 

13.3 

8.8 

&1 

0.7 

10.0 

On  the  whole  there  can  be  no  doubt  that  the  productivity  has  shown 
a  decided  tendency  to  increase  in  this  group  of  States. 
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Fio.  9.— Average  yield  of  wbeat  in  Kentucky  and  Tennessee  from  1887  to  1006. 

With  Ohio,  West  Virginia,  and  Indiana  we  have  a  group  of  States 
where  the  acreage  showed  a  decided  increase  during  the  first  three 
decades.  The  total  acreage  in  wheat  for  the  four  decades  is  3,503,127, 
5,283,871,  5,530,392,  and  4,588,086.  The  figures  representing  the 
average  yields  for  the  several  decades,  11.6,  13.3,  12.4,  13.1,  show 
a  tendency  toward  increased  productivity  save  for  a  relatively  high 
yield  in  the  second  decade. 
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Average  yield  per  acre  of  wheat  in  Ohio,  West  Virginia^  and  Indiana,  from  1867  to  1906, 

by  yean  avid  by 


1867-1S76. 

1877-1886. 

1887-1896. 

1897-1906. 

Btukdt. 

Stuhels. 

BtuheU. 

SuaheU. 

10.9 

13.9 

12.0 

14  4 

11. 0 

15.2 

ia2 

15.5 

13.9 

17.6 

13.2 

11.1 

12.1 

15.6 

10.6 

7.0 

12.0 

11.6 

16.2 

14.0 

11.6 

14.3 

13.0 

13.6 

ia9 

10.1 

13.4 

11.3 

12.9 

12.8 

16.6 

10.3 

8.4 

8.8 

11.0 

15.9 

11.3 

13.5 

9.4 

17.9 

11.6 

13.3 

12.4 

13.1 

When  the  results  are  represented  diagrammaticaUy  this  increase  is 
not  so  apparent,  as  the  medial  line  is  wavy  and  shows  clearly  neither 
an  increase  nor  a  decrease  in  productivity. 

In  Texas  the  acreage  has  increased  about  ninefold,  comparing  the 
total  acreage  of  the  first  decade  and  of  the  last.    In  Arkansas  the 
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Fio.  10.~Ayerage  yield  of  wheat  In  Ohio,  West  Virginia,  and  Indiana  from  1867  to  1906. 
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acreage  has  remained  fairly  constant.  Combining  the  data  for  the 
two  States  the  figures  representing  the  average  yields  of  the  four 
decades  show  the  highest  yield  in  the  first  decade  with  an  increasing 
yield  from  the  second  to  the  fourth. 

Average  yield  per  acre  of  wheat  in  Texas  and  Arkansas,  from  1867  to  1906  by  years  and  by 

decades. 


1867-1876. 

18T7-1886, 

1887-1896. 

1897-1906. 

ButMa. 

Btt^lt. 

Bushels, 

BiUhOt. 

9.4 

10.5 

9.9 

13.2 

9.8 

11.0 

ia2 

12.9 

11.5 

7.8 

9.0 

9.9 

11.3 

7.5 

7.1 

14.3 

9.9 

8.9 

10.8 

8.9 

14.6 

8.2 

10.3 

9.1 

13.6 

7.3 

9.3 

ia2 

11.5 

8.8 

11.9 

10.4 

15.2 

8.9 

7.6 

8.4 

ia6 

9.0 

9.9 

11.2 

11.7 

8.8 

9.6 

10.9 
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A  probable  reason  for  this  is  shown  in  the  diagram  (fig.  11).  It 
was  due  to  three  phenomenally  high  yields  in  the  first  decade  and 
probably  to  an  adjustment  of  the  department's  estimates  in  1881  to 
conform  with  the  figures  of  the  Tenth  Census.  If  an  adjustment  was 
made  the  curve  should  be  broken,  and  its  true  position  may  be  repre- 
sented by  the  broken  lines  on  the  diagram. 

The  acreage  in  wheat  in  California  has  been  fairly  constant  for 
the  forty-year  period.  The  figures  representing  the  average  yields 
for  the  four  decades,  14.6, 12.9, 12.7, 11.6,  show  an  apparently  regular 
decrease  in  productivity,  and  this  State  is  popularly  supposed  to 
represent  an  extreme  case  of  declining  yields  in  wheat  and  loss  of 
fertility  due  to  continuous  wheat  culture. 
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Fio.  11.— Average  yield  of  wheat  in  Texas  and  Arlcansas  from  1867  to  1906. 
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Average  yield  per  acre  of  wheat  in  California  from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Bfuheli. 

BtuKelt. 

BuaheU. 

Bu^eU. 

9.5 
17.0 

11.0 
12.1 

10.0 
9.1 

2ao 

18w2 

14.0 

13.3 

14.1 

19.0 

16.0 

12.0 

10.3 

11.0 

12.0 

13.0 

13.0 

12.2 

13.0 

13.0 

10.9 

13.6 

13.0 

13.3 

11.2 

13.2 

13.2 

11.3 

10.8 

11.0 

9.4 

13.0 

9.3 

13.0 

11.6 

14.6 

17.1 

14.6 

12.9 

12.7 

11.6 

When  the  data  are  represented  diagrammatically,  the  medial  line 
has  a  slight  tendency  downward. 

There  are  three  relatively  very  high  yields  in  the  first  decade,  two 
in  the  second,  and  one  in  the  last  year  of  the  last  decade;  but  on  the 
whole  practically  little  change  is  indicated  by  the  general  direction 
of  the  line. 


THE  YIELD  OF   CROPS  IN   THE  UNITED  STATES. 
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The  data  for  Oregon  show  great  fluctuations  from  year  to  year. 
The  figures  in  the  table  show  lower  yields  in  the  second  and  third 
decades  than  in  the  first  and  last.  This  is  brought  out  more  clearly 
in  the  diagram,  which  seems  to  show  one  long,  uniform  curve  showing 
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FiQ.  12.~ Average  yield  of  wheat  in  California  from  1867  to  1906. 
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a  somewhat  decided  tendency  to  decrease  imtil  about  the  end  of  the 
second  decade,  and  an  equally  decided  increase  during  the  last  two 
decades. 

Average  yield  per  acre  of  wheat  in  Oregon  from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

BuOUli. 

BtuheU. 
20.0 
21.0 
16.0 
17.0 
17.2 
16.7 
16.5 
18.0 
15.9 
12.6 

Biuhels, 
17.6 
16.3 
16.2 
14.5 
19.0 
15.7 
17.5 
17.7 
20.0 
17.0 

Butkda, 
17.0 
2a5 
19.2 
13.8 
21.1 
20.0 
18.2 
19.0 
18.6 

2ao 

19.0 
19.5 
19.2 
18.2 
19.0 
19.5 
17.6 
17.0 

18.6 

17.1 

17.1 

ia7 

1607 
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Fig.  13.— Average  yield  of  wheat  in  Oregon  from  1867  to  1006. 
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The  following  table  gives,  in  decades,  the  data  for  the  States  having 
records  covering  less  than  forty-year  periods  and  more  than  twenty 
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years  and  with  records  for  not  less  than  five  of  the  years  in  each 
decade. 

Average  yield  of  wheat j  in  htuhele  per  acrCf  in  States  having  reoordefor  mare  than  twenty 

and  lees  than  forty  years. 


state  or  Territory. 

First 
decade. 

Second 
decade. 

Third 
decade. 

Fourth 
decade. 

Utah 

•  17.5 
*17.3 

•  17.4 

•  16.0 
M9.2 

•  14.1 

•  17.6 

•  13.2 

•  13.8 

•  16.5 

18.8 
19.2 

021.0 
10.2 
10.0 

el4.0 
20.8 
15.6 
16.2 
17.7 

23.$ 

Nevada 

6  21.1 

26.0 

Wyoming 

23.0 

Idaho 

23.8 

Colorado 

24.6 

North  Dakota .• 

12.3 

26.7 

New  Mexico ". 

20.0 

Arltona 

21.8 

Waffhington 

23.3 

•Five  years. 


bSevenyean. 


eSixyean. 


The  data  here  are  so  incomplete  in  comparison  with  what  has  been 
given,  and  the  development  of  irrigation  in  many  of  these  States  has 
been  so  great  a  factor  that  the  results  will  not  be  discussed.  For 
some  of  the  other  States,  notably  Massachusetts,  Connecticut,  Rhode 
Island,  South  Dakota,  Louisiana,  and  Florida,  the  data  are  so  incom- 
plete that  no  conclusion  can  be  drawn. 

From  the  foregoing  analysis  of  the  statistics  that  are  available  it 
is  seen  that  there  is  no  indication  of  a  general  decrease  in  produc- 
tivity of  our  soils  when  planted  to  wheat.  If  any  conclusion  is  to 
be  drawn  from  the  data,  it  must  be  that  the  productivity  has  increased. 
This  applies  equally  to  States  and  groups  of  States  where  the  acreage 
has  remained  constant,  where  it  has  increased,  and  where  it  has 
decreased.  It  appUes  equally  to  States  where  commercial  fertilizers 
have  been  used  more  or  less  freely  and  to  States  where  the  use  of 
commercial  fertilizers  has  not  yet  become  general.  It  applies  as  well 
to  the  older  soils  of  the  Eastern  and  Southern  States  as  to  the  newer 
soils  of  the  Western  States.  The  conclusion  seems  to  be  inevitable 
that  the  upward  tendency  obs^^able  is  due  to  better  and  more  intel- 
ligent methods  of  control.  However  much  we  may  be  impressed  by 
the  cases  of  failures  which  come  to  our  personal  knowledge,  in  the 
country  as  a  whole  the  sum  of  successes  counterbalance  the  failures 
rather  better  at  present  than  in  the  past. 

THE  YIELD  PEK  ACRE  OP  CORN  IN  THE  UNITED  STATES. 

The  average  yield  per  acre  of  com  in  the  United  States  for  the  past 
forty  years,  from  1867  to  1906,  as  given  by  the  Bureau  of  Statistics 
is  25.1  bushels.  The  figures  representing  the  average  yield  for  the 
four  decades  are  26.2,  25.1,  24.1,  and  25.4. 


THE  TIBIiD  OF  CBOPS  IN  THE  UNITED  STATES. 
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Average  yield  per  acre  of  com  in  the  United  States  from  1867  to  1906,  by  years  and  by 

decades. 


18B7-1876. 

1877-1886. 

1887-1S96. 

1807-1906. 

JBuduU. 

Btuhelt. 

BitAds. 

Biuhelt. 

23.6 

26.7 

20.1 

23.8 

26.0 

26.9 

26.3 

24.8 

23.6 

29.2 

27.0 

25.3 

28.3 

27.6 

20.7 

25.3 

29.1 

18.6 

27.0 

16.7 

30.8 

24.6 

23.1 

26.8 

23.8 

22.7 

22.5 

25.5 

20.7 

26.8 

19.4 

26.8 

29.5 

26.5 

26.2 

28.8 

26.2 

22.0 

28.2 

30.3 

28.2 

25.1 

24,1 

25.4 

There  has  been  a  considerable  increase  in  acreage,  the  total  acreage 
for  the  four  decades  being  386,884,000,  634,089,000,  742,909,000, 
and  879,712,000.  This  change  in  the  acreage,  one  of  the  factors  upon 
which  the  average  yield  per  acre  is  based,  must  be  considered  in 
drawing  conclusions  from  the  figures.  The  following  diagram,  how- 
ever, is  based  on  the  yields  regardless  of  changes  in  acreage : 
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Fio.  14.^Avenkge  yield  of  com  in  the  United  States  from  1867  to  1906. 
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The  medial  line  curves  slightly  downward  during  the  middle  of  the 
period.  It  is  somewhat  doubtful  if  this  apparent  decrease  is  real,  as 
there  was  evidently  an  adjustment  of  the  department's  estimates  in 
1881  to  accord  with  the  figures  which  were  available  from  the  records 
of  the  Tenth  Census.  Such  adjustment  was  undoubtedly  made  for 
some  of  the  States,  but  not  for  all,  as  will  appear  further  on,  and 
these  adjustments  affected  the  estimates  for  the  United  States. 
Allowing  for  such  an  adjustment  the  medial  line  of  the  diagram  should 
be  broken  at  1880-81  and  the  two  parts  would  then  show  a  gradual 
and  constant  rise  from  each  point  of  origin.  That  such  an  adjust- 
ment was  made  seems  altogether  likely  from  the  following  statement 
by  the  statistician  of  the  department:^ 

The  abnormal  extraordinary  increase  of  recent  years  made  it  difficult  to  keep  pace 
with  advancing  production,  as  is  shown  by  the  record  for  1879,  which  is  widely  at 
variance  with  the  census  returns  for  that  year.  In  other  crops  the  difference  is  usually 
slight  between  the  two  records,  but  in  the  com  estimate  it  is  evident  that  the  depart- 
ment figures  are  quite  too  low. 

a  Report  of  the  Commissioner  of  Agriculture,  1881-82,  p.  580. 
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It  seems  impossible  after  the  lapse  of  nearly  thirty  years  to  deter- 
mine with  certainty  what  adjustments  were  made  for  the  several 
States  at  any  particular  time  in  a  system  which  from  the  very  nature 
of  its  work  should  be  adjusted  from  time  to  time  as  definite  figure 
are  established. 

In  most  of  the  States  there  has  been  a  decided  increase  in  com 
acreage.  In  only  Maine  and  Rhode  Island  has  there  been  a  decided 
decrease  in  acreage.  In  New  Hampshire,  Vermont,  Massachusetts, 
Connecticut,  New  York,  Pennsylvania,  and  New  Jersey  there  has 
been  little  change  in  acreage.  In  California  there  was  an  increase 
followed  by  a  decrease  in  the  last  decade. 

The  following  table  gives  the  percentage  of  increase  in  the  acreage 
of  the  twenty-four  States  showing  a  material  increase  from  1867 
to  1906: 

Percentage  of  increase  ire  com  acreage  from  1867  to  1906  in  the  several  States  where  material 

increase  has  occurred. 


State. 

Per- 
centage 

ofln- 
creaae. 

state. 

Per- 
centage 

of  in- 
crease. 

state. 

Per^ 

oentace 

ofin- 

Nebnwkft. . . .  -  T 

2,500 
700 
356 
460 
190 
179 
153 
152 
133 

Missouri 

130 

127 
124  , 
121 

87 

861 

75 

72 

Kentucky 

56 

Average  for  United 
StaUt 

Tndiana.'  , 

51 

Texas 

Miif9fffi>1prl        ...     . 

50 

MlnriMpotA -. 

Michlcao 

Tennesw« 

49 

ATkMT9*»« 

Alabama 

46 

Iowa 

V1rHn|<^            ,    , 

Illinois 

96 

Florida 

South  CaroUna 

Maryland 

26 

W  iacoosln 

North  Carolina 

Ohio ;. 

21 

WMtVirplnlA 

Georgia 

■ 

The  following  table  gives  the  States  for  which  forty  consecutive 
years'  records  are  furnished  by  the  Bureau  of  Statistics  (excepting 
California;  which  has  thirty-nine  years'  record),  arranged  according 
to  their  average  yields  per  acre: 

Average  yield  ofcom^  in  bushels  per  acre  y  for  forty  years ,  1867-1906,  by  States. 


New  Hampshire 

Vermont 

Massachusetts . . 
Pennsylvania... 

New  Jersey 

Maine 

Ohio 

Connecticut 

Iowa 

Indiana 

Wisconsin 

New  York 

Michigan 


35 
35 
34 
33 
33 
32 
32 
32 
32 
31 
31 
30 
30 


1 
1 
5 
2 
2 
9 
9 

.2 
2 

.5 

.3 
8 

.8 


IlUnois 

Rhode  Island 

California 

Minnesota 

Nebraska 

Missouri 

Maryland 

Kentucky 

West  Virginia 

Kansas 

Average  for  United 

States 

Delaware 


! 
Yield. 

30.2 

30.1 

30.1 

29.2 

28.7 

28.3 

26.6 

26.1 

25.3 

25.1 

25.1 

22.6 

Tennessee 

Arkansas 

Texas 

Virginia 

Louisiana 

Missis^ppi 

North  Carolina. 

Alabama 

Georria 

Florida 

South  Carolina. 


22.0 
20.0 
19.1 
19.0 
16.7 
l&O 
13.3 
13.1 
U.O 
9.8 
9.7 
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There  are  twenty-three  States  in  which  the  yield  equals  or  exceeds 
the  average  yield  of  the  United  States  and  twelve  States  having  a 
lower  yield. 

In  looking  over  the  crop  records  of  a  State  or  nation  for  a  period  of 
years  one  can  not  help  being  impressed  with  the  wide  fluctuations 
in  yields  from  year  to  year,  giving  the  diagram,  when  the  points  of 
observation  are  connected  by  straight  lines,  a  saw-tooth  appearance. 
This  seems  to  be  due  principally  to  variations  in  rainfall.  This  fact 
is  brought  out  in  a  striking  way  for  the  corn  crop  by  J."  Warren  Smith, 
who  says:** 

All  cultivators  of  the  soil  recognize  the  important  relation  between  precipitation 
and  crop  yield.    Johnson  &  said  in  1870:  ''It  is  a  well-recognized  fact  that  next  to   ■ 
temperature  the  water  supply  is  the  most  influential  factor  in  the  production  of  a 
crop." 

We  believe  that  few  people  have  any  proper  appreciation  of  the  effect  of  an  abun- 
dant water  supply  upon  tiie  ultimate  yield  of  crops,  alt)^ough  this  subject  is  now 
receiving  careful  investigation.  In  a  recent  publication  of  the  Department  of  Agri- 
culture <^  describing  an  exhaustive  investigation  of  many  types  of  soils  under  many 
conditions  of  cultivation  and  wide  range  of  yields  it  was  found  impossible  to  correlate 
the  yields  observed  with  the  nutritive  mineral  elements  in  the  soil  or  in  the  soil 
solution,  which  latter  is  the  immediate  source  from  which  plants  feed.  From  this 
it  was  concluded  that  on  the  average  farm  the  great  controlling  factor  in  the  yield 
(but  not  necessarily  the  quality)  of  crop  is  not  the  amount  of  plant  food  present,  but 
a  physical  factor,  the  exact  nature  of  which  is  yet  to  be  determined,  and  this  idea  is 
made  more  definite  by  the  further  statement  "  that  the  actual  quantity  of  water  a 
soil  can  furnish  the  plant,  irrespective  of  the  percentage  of  water  actually  present 
in  the  soil,  has  probably  a  very  important  influence  on  the  yield." 

It  is  self-evident  that  to  have  water  furnished  to  the  plant  in  any  soil  in  suflOicient 
quantities  there  must  be  an  abundant  supply  available  either  through  actual  rainfall 
or  through  irrigation;  so  that,  other  things  being  equal,  the  results  of  the  investiga- 
tions of  the  Bureau  of  Soils  seem  to  agree  with  the  results  found  in  practice,  namely, 
heavy  rainfall,  large  yields;  light  rainfall,  small  yields.  And  not  only  this,  but,  in  a 
latitude  and  elevation  favorable  for  the  production  of  crops,  precipitation  has  first 
place  and  temperature  the  second. 

It  was  with  something  of  this  thought  in  mind  that  the  writer,  assisted  by  Prof. 
William  D.  Gibbs,  president  of  New  Hampshire  State  College,  began  the  preparation 
of  the  accompanying  charts;  yet  neither  was  prepared  for  the  remarkable  confirma- 
tion of  their  theory  or  the  close  relation  between  the  yield  of  com  and  the  precipita- 
tion in  certain  definite  short  periods  during  the  growth  of  the  crop. 

*  *  *  Inasmuch  as  the  greater  portion  of  the  com  produced  in  the  United  States 
is  grown  in  the  central  part  of  the  coimtry,  only  Ohio,  Indiana,  Illinois,  Iowa, 
Nebraska,  Kansas,  Missouri,  and  Kentucky  are  considered,  both  in  the  yield  per  acre 
and  the  precipitation. 

As  the  area  of  greatest  com  production  does  not  include  all  of  Ohio,  Kentucky, 
Kansas,  and  Nebraska,  we  probably  should  have  considered  only  the  western  parts 
of  Ohio  and  Kentucky  and  the  eastern  parts  of  Nebraska  and  Kansas  for  both  yield 
and  rainfall.    ♦    *    * 

o  Relation  of  Precipitation  to  Yield  of  Ck>m,  J.  Warren  Smith,  Section  Director, 
Weather  Bureau,  Yearbook  of  the  Department  of  Agriculture,  p.  215, 1903. 
ft.How  Crops  Feed,  p.  216. 
<?  Bulletin  No.  22,  Bureau  of  Soils,  p.  63. 
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In  the  following  chart  the  rainfall  for  June,  July,  and  August  is  combined  in  the 
dotted  line,  giving  the  average  total  rainfall  for  those  months  over  the  eight  States. 
The  full  line  shows  the  yield. 
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FiQ.  15.~Pncipltatlon  for  Jane,  July,  axid  Augoit,  sod  yield  of  oom  per  aove. 

It  is  supposed  to  take  from  twenty  to  thirty  years  to  establish 
a  normal  monthly  temperature  and  longer  than  this  to  establish  a 
reliable  normal  for  rainfall.^  As  the  variation  in  yield  is  of  the 
same  order  as  the  variation  in  rainfall,  we  must  not  take  too  seri- 
ously slight  variations  or  inequalities  in  average  yields  for  periods 
of  ten  years  but  rather  by  generalization  attempt  to  get  at  the  trend 
of  the  change  rather  than  at  actual  amounts  of  increase  or  decrease. 

Of  the  six  New  England  States,  the  acreage  in  Maine  and  Rhode 
Island  has  materially  decreased,  while  indications  are  that  the  yield 
per  acre  has  slightly  increased.  The  acreage  of  the  four  other  States 
has  remained  fairly  constant,  while  the  figures  indicate  a  slight  de- 
crease in  yield  per  acre  in  New  Hampshire  and  Vermont,  and  a 
slight  increase  in  Massachusetts  and  Connecticut.     The  differences, 

a  A  recent  publication  of  the  Weather  Bureau,  entitled  "  Summary  of  the  Glima- 
tological  Data  for  the  United  States  by  Sections:  Section  1 — SouthemTexas, "  pp.  1^2, 
contains  the  following  statements: 

"  The  period  of  observations,  1871  to  1907,  inclusive,  thirty-seven  years,  coven  a 
sufficient  length  of  time  to  warrant  the  assumption  that  the  variations  within  which  the 
several  climatic  elements  are  liable  to  fluctuate  are  embraced  therein.    *    «    * 

''The  tables  of  temperature,  days  with  lain,  average  relative  humidity,  etc., gen- 
erally cover  i>eriods  of  less  duration  than  the  precipitation  data,  hfut  of  sufficient 
length  to  construct  dependable  averages." 
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however,  are  so  slight,  as  compared  with  the  fluctuations  within  the 
decades  that  no  safe  conclusions  can  be  drawn  as  to  any  change  of 
productivity.  Comparing  the  groups  of  States,  as  was  done  in  the 
case  of  wheat,  the  total  acreage  for  the  four  decades  was  2,469,000, 
2,627,000, 2,169,000,  and  1,951,000,  while  the  relative  yields  for  the 
four  decades  may  be  expressed  by  the  figures  32.6,  32.5,  34.7,  and 
34.4,  indicating,  if  anything,  a  slight  increase  in  productivity  of  the 
soils  as  measured  by  the  yield  per  acre  of  com. 

Average  yield  per  acre  of  com  in  Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode 
Isumd,  and  Connecticut  from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1S77-1886. 

1887-1886. 

1897-1906. 

BtukeU. 

SuaheU. 

Bushels, 

Bushels, 

33.2 

35.7 

34.4 

33.5 

33.6 

36.2 

26.3 

39.2 

29.8 

32.6 

34.0 

36.1 

32.4 

33.3 

34.8 

36.8 

31.0 

30.2 

36.7 

88.2 

34.3 

26.2 

36.3 

26.3 

31.0 

33.1 

30.1 

25.2 

30.5 

32.7 

35.3 

35.3 

33.1 

33.4 

40.1 

36.4 

35.7 

33.0 

39.1 

37.1 

32.6 

32.5 

34.7 

34.4 

The  figures  representing  the  average  yields  for  the  several  decades 
appear  to  fluctuate  slightly,  but  the  diagram  shows  this  to  be  due  to 
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Fio.  16.— Average  yield  of  oom  in  Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island,  and 

Connecticut  from  1867  to  1906. 

four  or  five  exceptionally  low  yields,  while  the  medial  line  shows  an 
upward  trend  during  the  forty  years  for  this  group  of  States. 

The  acreage  in  New  York,  Pennsylvania,  and  New  Jersey  has  varied 
but  little  in  the  forty  years.  The  figures  representing  the  average 
yield  for  the  several  decades — 34.3,  31.4,  31.5,  33.2 — indicate  neither 
an  increase  nor  a  decrease  in,  productivity. 

2318— Bull.  57—09 i 
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C3B0P  YIELDS,  SOIL  COMPOSITIOK,  AND  PRODUCTIVITY. 


Avenge  yield  per  acre  of  com  in  New  York,  New  Jersey,  and  Penneylvaniajram  1867  to 

1906 1  by  years  and  by  deeaaee. 


1867-1870. 

1877-1888. 

1887-1806. 

1897-1906. 

BtuheU. 

BiuiheU, 

BuAOa. 

BtuMt. 

81.8 

83.8 

31.7 

82.8 

84.8 

35.7 

32.4 

35.7 

29.8 

84.0 

29.8 

84.0 

843 

38.8 

28.4 

80.0 

84.8 

24.0 

33.1 

35.0 

88.7 

29.2 

31.7 

31.9 

84.0 

26.0 

26.6 

26.7 

82.7 

81.0 

81.1 

33.1 

38.3 

31.7 

84.0 

35.4 

88.7 

28.9 

36.7 

37.1 

34.3 

31.4 

31.5 

33.2 

When  the  data  is  charted,  however,  it  is  seen  that  there  is  a 
decided  break  at  the  years  1880-81  when  the  census  figures  were 
available,  and  the  only  possible  explanation  is  that  the  department's 
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Fxo.  17.~Average  yield  of  com  in  New  York,  New  Jersey,  and  Pennsylvania  from  1867  to  1906. 

estimates  were  adjusted  at  that  time  in  conformity  with  the  facts 
determined  by  the  census.  The  medial  line  of  the  diagram  is  seen 
to  rise  gradually  but  steadily  from  the  two  points  of  origin,  indicating 
a  gradual  increase  rather  than  decrease  in  productivity  of  the  soils  of 
these  States,  as  was  shown  in  the  last  group  of  States. 

The  acreage  in  com  in  Maryland,  Delaware,  and  Virginia  has 
materially  increased,  the  total  acreage  for  the  several  decades  being 
16,145,000,  24,973,000,  28,038,000,  and  26,243,000.  The  figures  rep- 
resenting the  average  yield  per  acre — 22.2,  21.3,  21,  27.1 — show 
nothing  definite  regarding  a  change  in  productivity. 
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Average  yield  per  acre  of  com  in  Maryland,  Delaware,  and  Virginia  from  1867  to  1906  ^  by 

years  and  by  decades. 


1867-1870. 

1877-1886. 

1887-1896. 

1897-1906. 

Biuheli. 

Bushels. 

Sushels. 

BitAels. 

21.0 

23.2 

21.5 

26.7 

24.0 

22.0 

19.1 

26.0 

17.9 

25.5 

18.0 

24.7 

22.6 

29.7 

19.5 

22.0 

22.7 

17.9 

22.4 

28.8 

21.3 

21.3 

18.2 

27.5 

19.8 

18.5 

22.6 

26.0 

19.5 

18.5 

21.3 

29.0 

26.0 

18.7 

22.1 

30.2 

26.3 

17.7 

25.2 

29.8 

22.2 

21.3 

21.0 

27.1 

The  diagram,  however,  shows  a  very  decided  break  at  the  period 
1880-81,  which  is  undoubtedly  due,  as  in  the  case  of  the  last  group  of 
States,  to  a  readjustment  of  the  department's  estimates  to  accord  with 
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Fio.  18.— Average  yield  of  corn  In  Maryland,  Delaware,  and  Virginia  from  1867  to  1906. 
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the  findings  of  the  Tenth  Census.  The  two  sections  of  the  medial 
line  each  show  a  decided  rise  from  the  point  of  origin,  indicating  a 
decided  increase  in  productivity  for  this  group  of  States  for  the  forty- 
year  period. 

The  total  acreage  in  com  for  the  several  decades  for  the  group  of 
States  embracing  North  Carolina,  South  Carolina,  Georgia,  Florida, 
and  Alabama,  66,993,000,  86,117,000,  102,619,000,  113,809,000, 
show  a  decided  increase.  The  figures  representing  the  average  yield 
for  the  several  decades,  12.2,  10.8,  11.4,  11.3,  give  little  indication  of 
a  change  in  productivity. 
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CROP  YIELDS,  SOIL  COMPOSITIOK,  AND  PRODUCTIVITy. 


Average  yield  per  acre  of  com  in  North  Carolina^  SotUh  Carolina,  Georgia,  Florida,  and 

Alabama,  from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1807-1906. 

Buthelt. 

Bushelt, 

BusktU. 

Btukels. 

12.4 

11.7 

11.7 

10.6 

11.7 

11.0 

10.3 

11.4 

12.7 

10.0 

11.8 

10.8 

13.0 

11.3 

10.7 

9.6 

11.9 

9.1 

12.3 

9.7 

13.2 

12.5 

10.6 

10.0 

12.2 

9.6 

10.4 

12.3 

12.8 

11.0 

12.0 

13.0 

11.5 

10.5 

13.1 

12.1 

11.3 

10.6 

10.9 

13.3 

12.2 

10.8 

11.4 

11.3 

In  this  case  the  diagram  brings  out  nothing  more  definitely  than 
do  the  figures,  and  it  is  not  evident  that  the  productivity  has  changed 
materially  one  way  or  the  other. 

The  total  acreage  for  the  several  decades  for  the  group  of  States 
embracing  Ohio,  Indiana,  Illinois,  Michigan,  Wisconsin,  and  Minne- 


FiQ.  19.— Average  yield  of  corn  In  North  Carolina,  South  Carolina,  Georgia,  Florida,  and  Alabama  from 

1867  to  1906. 

sota  is  126,441,000,  177,378,000,  162,838,000,  and  193,646,000.  The 
figures  representing  the  average  yields  for  the  several  decades,  31.9, 
30.3,  28.9,  33.1,  show  definitely  little  as  to  any  change  in  productivity. 

Average  yield  per  acre  of  com  in  Ohio,  Indiana,  Illinois,  Michigan,  Wisamsin,  and  Min- 
nesota from  1867  to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Biuhels. 

BuBhels. 

BtuheU. 

Butheh. 

29.5 

29.8 

23.8 

30.9 

33.6 

34.6 

32.1 

34.0 

26.8 

35.6 

28.2 

33.8 

36.9 

33.7 

26.5 

36.8 

36.6 

25.7 

30.2 

25.9 

37.9 

29.5 

27.3 

31.9 

29.0 

23.9 

26.0 

31.0 

27.8 

29.2 

24.4 

30.9 

31.0 

32.5 

33.3 

37.0 

30.0 

28.8 

37.0 

38.3 

31.9 

30.3 

28.9 

33.1 

The  diagram  shows  either  a  considerable  depression  in  curvation 
of  the  medial  line  with  a  general  trend  upward,  or,  what  is  more 
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likely,  a  readjustment  of  the  department's  estimates  in  1881,  which 
would  give  two  sections  of  a  nearly  straight  broken  line  with  a  decided 
upward  slope.  It  is  impossible  to  state  at  this  time  which  of  these 
two  interpretations  of  the  diagram  is  correct.  Each  of  them,  how- 
ever, shows  a  marked  tendency  toward  increased  productivity;  the 
one  more  than  the  other. 

The  average  yield  for  Nebraska  and  Kansas  for  the  several  decades 
may  be  expressed  by  the  figures  33.5,  33.2,  24.5,  and  24.9.  These 
two  States  show  by  far  the  greatest  increase  in  com  acreage  of  any  of 
the  35  States  under  consideration.  The  basis  for  the  estimate  of  the 
average  yield  per  acre  in  the  last  decade — namely,  the  acreage — ^was 
700  per  cent  larger  in  Kansas  and  2,500  per  cent  larger  in  Nebraska 
than  in  the  first  decade;  yet  we  have  in  Nebraska  the  average  yield 
of  32  bushels  on  3,011,000  acres  in  the  first  decade  to  compare  with 
the  average  yield  of    27.8  bushels  on  77,213,000  acres  in  the  last 
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Fio.  20.— Average  yield  of  com  In  Ohio,  Indiana.  Illinois,  Michigan,  Wisconsin,  and  Minnesota  from  1867 

to  1906. 

decade  and  nearly  as  great  a  disparity  in  the  case  of  Kansas.  The 
combined  acreage  for  the  four  decades  is  12,625,000,  63,621,000, 
110,130,000,  and  154,177,000. 

However,  taking  the  original  data  as  they  stand,  we  find,  in  going 
back  to  the  records  for  the  individual  State,  three  years  of  crop  failure 
in  Kansas  in  the  third  decade,  the  average  yields  being  for  1887, 14.6 
bushels;  1890, 15.6;  and  1894,  11.2,  the  highest  yield  being  in  1889, 
35.3  bushels.  In  the  last  decade  there  were  three  years  of  very  low 
yields— 1897, 18  bushels;  1898, 16 ;  and  1901, 7.8.  The  last  five  years 
of  the  last  decade  show  four  years  well  above  the  average  for  the  forty 
years.  Similarly,  in  the  third  decade,  Nebraska  shows  a  yield  of 
only  6  bushels  in  1890,  while  in  the  last  decade  are  two  very  low 
yields  and  four  out  of  the  last  five  years  show  a  considerably  larger 
yield  than  the  average  for  the  forty  years. 
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CBOP  YIELDS,  SOIL  COMPOSITION,  AND  PRODUCTIVITY. 


Average  yield  per  acre  of  com  in  NebroBia  and  KanMos^from  1867  to  1906^  by  yean  and  hif 

decadei. 


U67-1870. 

1877-1886. 

1887-1806. 

1897-1906. 

Buiheli. 

Bu$kei$. 

Buakelt, 

BuAeU. 

37.6 

37.2 

19.3 

24.0 

30.4 

37.0 

30.9 

18.5 

45.3 

37.0 

36.9 

27.6 

28.9 

30.2 

16.8 

23.6 

40.7 

22.8 

30.9 

lao 

38.1 

34.3 

26.3 

31.1 

37.0 

36.3 

23.2 

25.8 

10.3 

37.3 

8.6 

26.8 

40.0 

34.6 

20.2 

30.2 

36.7 

24.6 

32.7 

24.9 

33.6 

33.2 

24.5 

24.9 

The  diagram  shows  a  great  depression  covering  the  past  twentj 
years.  This  maybe  due  in  part,  but  not  entirely, to  a  readjustment 
of  the  Department's  estimates  in  1881.     It  is  probably  due  in  part  to 
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Fio.  21.— AverafB  yield  of  com  In  Kansas  and  Nebraska  from  1867  to  1906. 


the  westward  extension  of  agriculture  into  the  drier  soils*  of  the 
western  parts  of  these  States. 

The  same  general  inequalities  are  shown  in  the  statistics  for  the 
other  crops  reported  upon  for  these  two  States  by  the  Bureau  of 
Statistics,  with  the  possible  exception  of  wheat,  and  while  the  facts 
can  be  explained  only  in  part  there  is  nothing  that  clearly  indicates 
a  positive  change  in  productivity. 

Adjoining  Kansas  and  Nebraska  on  the  east  are  the  States  of  Iowa 
and  Missouri,  where  there  has  likewise  been  a  considerable  increase 
in  acreage,  although  not  so  large  as  in  the  first-named  States.  The 
total  acreage  of  the  two  States  for  the  four  decades  is  58,188,000, 
117,138,000,  141,778,000,  and  148,721,000.  The  average  yields  may 
be  expressed  by  the  figures  32,  29.7,  29.8,  and  30.2. 
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Average  yield  per  acre  of  com  in  Iowa  and  Missouri  from  1867  to  1906 ^  by  years  and  by 

decades. 


lS67-]87e. 

1877-1886. 

• 

1887-1896. 

1897-1906. 

Bfuhelt. 

ButkeU. 

ButkeU, 

BtiAeU. 

30.5 

30.7 

23.7 

27.6 

33.6 

31.8 

33.4 

30.5 

31.0 

37.6 

35.8 

28.5 

31.7 

33.2 

25.9 

33.0 

40.2 

21.1 

33.3 

17.5 

38.4 

27.7 

28.0 

35.5 

26.2 

25.9 

30.9 

30.2 

22.6 

33.7 

18.5 

29.4 

35.8 

31.7 

35.5 

34.3^ 

28.9 

23.6 

33.0 

35.9 

32.0 

29.7 

29.8 

30.2 

The  diagram  indicates  that  there  was  a  slight  adjustment  of  the 
department's  estimates  in  1881  as  indicated  by  the  broken  lines,  but 
assuming  that  the  curve  should  stand  as  drawn,  in  either  case  there 
is  a  tendency  toward  increased  production. 
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Fio.  22.— Average  yield  of  com  in  Iowa  and  Missouri  from  1867  to  1906. 
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The  total  acreage  in  com  for  the  several  decades  for  Mississippi, 
Louisiana,  Texas,  and  Arkansas  is  40,408,000,  71,225,000,  91,561,000, 
and  110,791,000.  The  figures  representing  the  average  yields  for 
the  several  decades  are  20.9,  17.5,  16.9,  and  17.5. 

Average  yield  per  acre  of  com  in  Mississippi,  Louisiana,  Texas,  afid  Arkansas,  from  1867 

to  1906,  by  years  and  by  decades. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

BuAeU. 

Btuhels, 

Bushels. 

BuOuls, 

21.5 

20.0 

»         18.1 

16.5 

23.7 

20.7 

17.1 

20.3 

24.9 

17.0 

17.7 

18.0 

24.3 

20.9 

15.2 

16.3 

18.5 

12.7 

18.3 

11.1 

21.2 

19.1 

16.9 

13.4 

18.6 

15.7 

15.3 

21.0 

15.2 

15.2 

17.9 

20.8 

20.9 

17.8 

20.5 

16.7 

20.3 

16.2 

12.4 

20.5 

20.9 

17.5 

16.9 

17.5 
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The  diagram  shows  this  inequality  to  be  due  to  an  apparent 
decline  in  productivity  during  the  first  half  of  the  forty-year  period. 
There  has,  however,  evidently  been  a  readjustment  of  the  depart- 
ment's estimates  in  1881  to  accord  with  the  census  figures,  and  the 
naedial  Ime  of  the  diagram  should  in  this  ca^e  be  broken  and  con- 
tinued in  the  direction  of  the  broken  lines.  This  would  show  in  one 
interpretation  of  the  diagram  a  general,  but  slight,  tendency  toward 
increased  productivity  over  most  of  the  period  and  by  the  other  inter- 
pretation a  more  decided  tendency  toward  increased  productivity. 

The  total  acreage  in  com  in  California  in  the  seyeral  decades  is 
326,006,  1,101,000,  1,127,000,  and  562,000.  The  figures  repre- 
senting the  average  yield  per  acre  for  the  several  decades  are  37.9, 
28.7,  30.6,  and  29.7. 
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Fio.  23.— Average  yield  of  com  In  Mississippi,  Louisiana,  Texas,  and  Arkansas  from  1867  to  1906. 
Average  yield  per  acre  of  com  in  California  from  1867  to  1906,  by  years  and  by  deeada. 


1867-1876. 

1877-1886. 

1887-1896. 

1897-1906. 

Bu9hel9. 

BuaheU. 

Butheli. 

Budidt. 

30.0 
34.5 

30.0 
27.8 

81.5 
26.0 

45.0 

41.4 

28.0 

28.2 

27.0 

35.6 

32.0 

27.6 

25.0 

38.0 

27.2 

34.5 

31.0 

35.0 

28.8 

30.3 

30.5 

41.0 

24.5 

37.1 

30.7 

36.2 

30.0 

19.3 

28.6 

36.3 

24.7 

34.5 

S2.0 

33.0 

27.2 

37.0 

84.9 

37.9 

28.7 

ao.6 

29.7 

The  diagram  shows  a  decided  falling  off  in  the  first  fifteen  years, 
after  which,  the  general  trend  of  the  medial  line  is  upward.  The 
falling  off  appears  to  be  real,  as  there  is  no  appearance  of  a  read- 
justment of  the  Department's  estimates  as  there  is  in  so  many  of  the 
groups  of  States. 

Summing  up  the  evidence  regarding  the  yield  per  acre  of  com  in 
the  several  States,  it  may  be  stated  that  there  is  no  justification  for 


THE  YIELD  OF  CROPS  ON   INDIVIDUAL  FABMS. 


57 


the  popular  belief  that  the  yield  is  decreasing  in  the  United  States  or 
in  any  considerable  portion  of  it,  either  on  the  soils  of  the  older 
States  in  the  East  and  South  or  on  the  soils  of  the  newer  States  of 
the  central  or  western  part  of  the  country;  in  the  States  which  use 
commercial  fertilizers  or  in  those  that  do  not.  The  acreage  in  com 
in  most  of  the  States  having  increased  considerably  it  is  not  possible 
to  determine  the  effect  of  this  increase  on  the  yield  per  acre  as  was 
done  in  the  case  of  wheat. 

If  any  positive  conclusion  is  to  be  drawn  from  the  figures,  it 
would  have  to  be  that  the  productivity  of  the  soils  of  the  United 
States  and  of  the  several  States  has  increased  during  the 'past  forty 
years  as  measured  by  the  yield  of  com. 

With  the  full  analysis  of  the  data  for  the  two  important  crops  of 
wheat  and  com,  it  seems  unnecessary  for  the  purpose  of  this  report 
to  discuss  the  data  relating  to  oats,  barley,  rye,  hay,  buckwheat, 
potatoes,  and  cotton,  especially  as  an  inspection  of  the  data  fur- 
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Fio.  24.— Avenge  yield  of  com  in  California  from  1867  to  1906. 
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nished  by  the  Bureau  of  Statistics  on  these  crops  shows  the  same 
general  facts  as  are  shown  by  wheat  and  com  and  would  add  nothing 
material  to  this  discussion.  The  only  inference,  therefore,  which 
can  be  drawn  from  the  statistics  of  crop  production  is  that  the  pro- 
ductivity of  the  soils  of  the  United  States  has  not  declined  in  the 
past  forty  years,  but  that,  on  the  contrary,  it  has  increased. 

EVIDENCB  PBESENTED  BY  THE  YIELD   OF  CBOPS  ON  INDI- 

VIDT7AL  FABMS. 

It  may  be  argued  that  the  statistics  which  have  been  presented  for 
States  do  not  represent  the  same  soil  or  the  same  farms  throughout 
the  period,  and  this  is  undoubtedly  tme.  But  records  of  actual 
yields  from  the  same  farm  for  a  long  period  of  years  are  extremely 
rare.  There  are  no  such  records  for  farms  in  the  United  States  so 
far  as  the  examined  literature  shows.  Possibly  if  a  thorough  search 
were  made  a  number  of  family  records  could  be  found  of  the  annual 
yield  of  crops  on  individual  farms  which  had  remained  in  the  same 
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family  for  fifty  to  one  hundred  years  or  more  and  such  data  would 
be  of  much  interest  if  made  available. 

Such  investigations  into  old  family  records  has  recently  been 
taken  up  in  France  and  Grermany  with  the  most  interesting  and 
valuable  results. 

Kellermann  has  made  a  most  exhaustive  investigation  and  report 
upon  the  increase  in  crop  production  in  Germany.^  He  gives  the 
yields  per  acre  of  a  large  number  of  estates  which  have  been  handed 
down  from  father  to  soci,  some  of  the  records  going  back  to  the  middle 
of  the  sixteenth  century.  Three  cases  only  will  be  given  here,  which 
show  the  general  trend  of  the  information  he  was  able  to  gather. 

Yield  o/eereaU  in  Sckmatz/eld  (Germany). 
[Reduced  to  bushels  per  acre.] 


Yev. 

Wheat 

Rye. 

Bariej. 

Gate. 

1552-1557 

12.5 

13.2 
12.8 
17.2 
24.3 
20.0 
21.2 
30.0 
33.1 
89.3 
20.4 
28.9 
29.6 
34.0 

14.3 
8.8 
16.1 
33.7 
28.1 
35.6 
31.6 
39.3 
32.9 
43.8 
43.2 
47.6 
5a4 

14.8 

1000 

12.3 

1670 

14.6 

18.7 
18.1 
18.7 
2o.6 
28.7 
35.3 
27.6 
37.9 

4ao 

45.1 

17.4 

1822 

26l2 

1825 

32.5 

1830 

4&3 

1840 

45.5 

1850 ; 

5ai 

1860 

62.9 

1870 

46.6 

1886 

66.6 

1887-1896 

5917 

1807-1904 

68ll 

m 

The  period  from  1552  to  1557,  apparently  the  average  for  those 
years,  gives  a  yield  of  wheat  of  12.5  bushels  per  acre;  in  1670  there  is 
a  record  of  14.6  bushels;  in  1822  of  18.7  bushels;  in  1825  of  18.1 
bushels;  in  1840  of  25.6  bushels;  in  1850  of  28.7  bushels;  in  1860  of 
35.3  bushels;  in  1897  of  45.1  bushels;  an  increase  in  those  three  hun- 
dred years  from  12.5  bushels  in  1552  to  45.1  bushels  in  1897-1904, 
the  record  showing  a  regular  increase  with  a  few  fluctuations  which 
are  probably  due  to  seasonal  conditions. 

Rye  has  increased  during  the  same  time  from  13.2  bushels  in  1552 
and  12.8  bushels  in  1660  to  30  bushels  in  1840  and  34  bushels  in  1897. 

Barley  has  increased  from  14.2  bushels  in  1552  or  8  bushels  in  1660 
to  16.1  bushels  in  1670,  and  finally  to  50.4  bushels  in  1897. 

Oats  have  increased  from  14.8  bushels  in  1552-1557,  the  fi.rst  record, 
to  69.1  bushels  in  1897-1904,  which  is  the  last  record. 


a  Landw.  Jahrb.  35,  289  (1906). 
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Yield  of  cereal  crops  on  RUtergut  Trebsen,  near  Leipnc, 
[Reduced  to  boabels  per  acre.] 


Year. 


175&-1766 
1766-1775 
1776-1785 
1786-1795 
1796-1800 
1814-1816 
1820-1822 
182&-1834 
1835-1844 
1845-1849 
1883-1892 
1803-1894 
1895-1899 
1900-1904 


Wheat. 

Rye. 

Barley. 

26.41 

15.91 

14.25 

13.25 

12.33 

21.71 

16.63 

14.47 

20.44 

13.98 

18.67 

16.  n 

13.80 

15.36 

15.16 

15.28 

15.68 

25.41 

16.90 

19.14 

18.28 

21.04 

21.63 

30.19 

33.40 

27.92 

36.66 

25.51 
27.03 

28.75 
23.06 

30.95 

29.85 

28.36 

30.95 

35.85 

30.45 

35.39 

36.14 

82.52 

43.23 

Oats. 


23.08 
23.48 
23.46 
19.16 
17.90 
25.72 
26-36 
31.83 
46.54 
66.25 
44.64 
64.74 
51.15 
57.80 


From  this  estate  apparently  more  nearly  continuous  records  are 
given  in  five  and  tfen  year  periods  from  1756  to  1904.  The  average 
yield  of  wheat  in  the  first  period  of  which  we  have  a  record,  1756-1765, 
IS  26  bushels;  in  the  next  period,  1766-1775,  it  is  13  bushels;  and  from 
that  time  a  gradual  increase  up  to  1900-1904,  when  it  was  36  bushels. 
Rye  increases  similarly  by  regular  steps  from  15.91  bushels  to  32.52 
bushels;  barley  from  14.25  bushels  to  43.23  bushels;  oats. from 
23.03  bushels  to  57.80  bushels. 


Yield  of  cereaU  on  QvX  J,  of  CoTvrad, 
[Reduced  to  bushels  per  acre.] 


Year. 

Wheat. 

Rye. 

Barley. 

Oats. 

1800-1810 

21.15 
20.02 
23.25 
18.82 
23.10 
26.40 
25.27 
29.77 
27.45 
29.92 
28.12 
25.57 
35.70 

14.64 
11.76 
17.76 
15.04 
19.84 
23.12 
24.16 
30.48 
26.48 
28.32 
34.32 
25.12 
29.52 

19.80 
20.92 
21.29 
16.37 
20.83 
32.75 
27.71 
37.85 
36.17 
35.71 
29.38 
36.45 
41.06 

17.22 

1810-1820 

13.44 

1820-1830 

14.84 

1830-1840 

13.86 

1840-1850 

27.58 

1850-1855 

33.46 

1855-1860 

34.44 

1860-1865 

44.52 

1865-1870 

55.72 

1870-1875 

51.38 

1875-1880 

39.48 

1880-1885 

45.08 

1885-1894 

43.96 

On  this  estate  from  1800  to  1894  in  ten-year  averages  wheat  increased 
from  21.15  to  35.70  bushels,  rye  from  14.64  to  29.52,  barley  from  19.8 
to  41.06,  and  oats  from  17.22  to  43.96. 

Kellermann  throughout  cites  many  well-known  authorities  and 
refers  to  many  sources  of  information,  and  concludes  his-  article  with 
this  remarkable  statement: 

If  we  now  make  a  brief  survey  of  the  results  obtained  in  the  foregoing,  we  must 
affirm  that  the  development  of  the  yields  of  cultivated  soil  since  the  beginning  of  the 
past  century  presents  a  very  pleasing  picture,  not  only  that  agriculture,  by  absolute 
addition  to  the  acreage  of  30  to  35  per  cent  and  decrease  in  fallow  from  33  to  4}  per  cent, 
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has  tried  to  meet  the  growing  needs  of  the  nation  for  food,  but  above  all  that  it  has  shown 
how  to  gain  from  the  soil  gradually  2)  times  as  much  per  unit  of  surface  as  formerly. 

The  same  facts  have  been  brought  out  by  Steinbruck,**  who  cites 
many  cases  of  individual  farms  from  records  going  back  for  one  hun- 
dred years  or  more. 

EVIDENCE  PBESENTED  BY  THE  CHEMICAL  COMPOSITION  OF 
THE  SOILS  OF  THE  XTNTTED  STATES  AS  COMPAEED  WITH 
THOSE   OF  EXJBOPE. 

The  soils  of  the  countries  of  northern  and  middle  Europe  are  to-day 
producing  from  two  to  three  times  as  large  yields  of  the  staple  farm 
crops  as  the  soils  of  the  Northern  and  Middle  States  of  the  United 
States.  They  are,  therefore,  removing  from  the  soil  more  of  the  min- 
eral plant-food  constituents.  The  soils  are  older  agriculturally  in  that 
the  countries  have  been  settled  for  one  thousand  to  two  thousand 
years  longer  for  agricultural  pursuits  than  the  United  States. 
The  soils  as  a  whole  were,  no  doubt,  similar  originally  in  com- 
position, as  they  are  derived  from  the  same  class  of  rock  materials. 
If,  as  some  suppose,  there  is  danger  of  permanent  loss  of  fertility  of 
our  soils  through  loss  of  mineral  plant-food  constituents  or  any  one 
essential  constituent  through  the  removal  of  our  very  moderate  crops 
for  one  hundred  or  two  himdred  or  even  for  one  thousand  years,  the 
cropping  records  of  European  soils  would  be  expected  to  have  resulted 
in  some  significant  difference  in  lower  content  of  mineral  plant-food 
constituents  at  the  present  time  as  compared  with  the  newer  agri- 
cultural soils  of  the  United  States. 

For  the  purpose  of  such  a  comparison  all  analyses  of  soils  by  the 
acid  digestion  method,  the  results  of  which  are  available  to  us  in 
the  literature  of  the  past  eighteen  years,  have  been  compiled  and 
are  presented  in  the  following  tables  so  far  as  they  pertain  to  the 
soils  of  Great  Britain,  Ireland,  Germany,  France,  and  the  United 
States.  It  is  in  these  countries  where  tlxe  most  active  work  has 
been  done  and  about  which  the  most  results  have  been  published. 
There  have  been  found  and  are  presented  in  this  bulletin  the  results 
of  the  analyses  of  1,857  samples  of  soil  from  all  parts  of  the  United 
States,  286  samples  from  Great  Britain  and  Ireland,  1,550  samples 
from  France,  and  449  samples  from  Germany.  This  makes  a  total 
of  4,142  analyses  available  for  comparison. 

So  far  as  it  has  been  possible  to  determine  from  the  description 
of  the  analytical  work  all  of  the  results  used  in  this  bulletin  have  been 
obtained  from  recognized   methods  of  ''acid  digestion''   with  con- 

a  Der  Boden  und  die  landwirtschaftlichen  Verh&ltnisse  des  Preussischen  Staatee, 
vol.  7,  p.  799  (1906),  edited  by  AuguBt  Meitzeu. 
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centrated  acid,  and  only  the  results  pertaining  to  the  top  soil  have 
been  taken;  the  results  pertaining  to  the  subsoils  having  been  rejected. 
This  has  been  done  to  make  the  data  strictly  comparable. 

It  will  be  remembered  that  rocks  vary  greatly  in  their  ultimate 
chemical  composition  accordingly  as  one  or  more  of  the  conmion 
minerals  predominate  to  give  the  essential  character  to  the  rock. 
Soils  vary  in  ultimate  chemical  composition  and,  according  to  the 
mode  of  their  formation,  soils  are  generally  more  comphcated  than 
the  rocks  with  respect  to  the  minerals  they  contain.  It  is  as  difficult, 
therefore,  to  inteUigently  compare  soils  from  their  chemical  com- 
position, unless  the  physical  characteristics  are  known,  as  it  would 
be  to  compare  or  identify  rocks  from  chemical  data  alone.  As  soil 
classification  and  soil  surveying  are  new  and  not  on  an  international 
basis,  it  is  impossible  to  compare  soils  from  different  countries 
in  any  classified  or  systematic  way  from  the  data  given  in  connec- 
tion with  the  analyses. 

Johnson  wrote  in  1869: " 

Notwithstanding  an  immense  amount  of  labor  has  been  expended  in  studying  the 
composition  of  soils,  and  chiefly  in  ascertaining  what  and  how  much,  acids  dissolve 
from  them,  we  have,  unfortunately,  very  few  results  in  the  way  of  general  principles 
that  are  of  application,  either  to  a  scientific  or  a  practical  purpose.  In  a  number  of 
special  cases,  however,  these  investigations  have  proved  exceedingly  instructive 
and  useful. 

This  applies  now  to  the  ordinary  chemical  analyses  of  soils  as  well 
as  it  did  forty  years  ago. 

The  chemical  composition  of  soils  varies  so  greatly  without  any 
obvious  law  of  general  relationship  to  crop  production  that  averages 
mean  little  or  nothing  and  the  figures  are  given  without  any  attempt 
at  averaging.  The  average  amoimt  of  potash  in  all  soils  reported 
upon  would  probably  be  not  far  from  0.3  per  cent.  The  extreme 
amounts  reported  in  the  following  tables  for  all  countries  are  0.003 
to  11.37  per  cent.  The  average  amount  of  phosphoric  acid  in  all  soils 
reported  would  probably  be  not  far  iProm  0. 16  per  cent.  The  extremes 
given  in  the  following  tables  are  0.003  to  7.14  per  cent.  The  extremes 
for  lime  are  0.002  to  04.7  per  cent.  The  extremes  for  magnesia  are 
0.001  to  16.97  per  cent. 

Too  much  importance  should  not  be  paid  to  moderate  differences 
in  composition,  as  soils  are  Uable  to  vary  greatly  in  the  same  field. 
An  excellent  illustration  of  this  is  given  in  the  results  from  St.  Viaud, 
France;  73  samples  were  taken  from  a  field  of  approximately  250 
hectares  (617  acres),  of  which  the  separate  analyses  are  given  us  as 
shown  in  the  following  table. 

a  Samuel  W.  Johnson,  "How  Crops  Feed,"  p.  331. 
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Composition  of7S  tamples  of  soil  taken  J)rom  afield  of  about  617  acres  in  St.  Viaud^ 


Original 

sample 

No. 


Potash 
(K,0). 

Phos- 
phoric 
acid 
(PiOi). 

Lime 
(CaO). 

MacMSIa 
(SEgO). 

Original 

sample 

No. 

Potash 
(K.O). 

Phos- 
phoric 
acid 
(P|0,). 

Percent. 
a07 
.21 
.17 
.14 
.12 
.23 
.21 
.00 
.17 
.20 
.24 
.12 
.14 
.22 
.10 
.16 
.21 
.17 
.10 
.14 
.14 
.15 
.21 
.15 
.10 
.16 
.12 
.18 
.15 
.10 
.17 
.15 
.12 
.11 
.20 
.00 
.10 

Percent. 
0.03 
.00 
.04 
.04 
.06 
.06 
.06 
.06 
.04 
.00 
.03 
.06 
.06 
.08 
.07 
.07 
.06 
.05 
.00 
.05 
.04 
.06 
.05 
.06 
.05 
.06 
.04 
.06 
.06 
.07 
.08 
.00 
.04 
.06 
.06 
.04 
.10 

Percent. 
0.16 
.17 
.20 
.26 
.16 
.13 
.10 
.15 
.16 
.13 
.35 
.32 
.18 
.18 
.12 
.16 
.18 
.47 
.16 
.30 
.24 
.06 
.30 
.15 
.18 
.27 
.14 
.11 
.22 
.30 
.18 
.33 
.12 
.12 
.10 
.07 
.06 

Percent. 
0.13 
.15 
27 
.16 
.12 
.21 
.28 
.06 
.10 
.14 
.60 
.23 
.12 
.31 
.30 
.24 
.56 
.37 
.44 
.23 
.20 
.14 
.17 
.31 
.24 
.33 
.18 
.26 
.15 
.23 
.25 
.34 
.38 
.40 
.12 
.03 
.04 

Percent. 
a  18 
.20 
.18 
.12 
.15 
.10 
.11 
.15 
.20 
.14 
.12 
.25 
.12 
.18 
.20 
.22 
.12 
.20 
.22 
.25 
.25 
.24 
.22 
.23 
.21 
.22 
.15 
.12 
.13 
.10 
.14 
.18 
.17 
.51 
.16 
.15 

Percent. 
a06 
.06 
.06 
.04 
.07 
.06 
.05 
.06 
.06 
.08 
.04 
.08 
.04 
.07 
.08 
.06 
.07 
.06 
.00 
.06 
.03 
.07 
.05 
.07 
.05 
.07 
.06 
.05 
.06 
.04 
.05 
.06 
.06 
.04 
.04 
.04 

Lime 
(CaO). 


Percent. 
a06 
.20 
.12 
.11 
.21 
.15 
.12 
.27 
.12 
.22 
.06 
.00 
.05 
.21 
.10 
.16 
.09 
.10 
.18 
.15 
.17 
.12 
.09 
.07 
.09 
.27 
.10 
.20 
.19 
.47 
.13 
.11 
.38 
.17 
.18 
.16 


MagDesift 
(MgO). 


I*ereent. 

ao7 

.09 

.51 

.72 

.76 

.54 

.45 

.30 

.20 

-17 

.27 

.30 

.04 

.36 

.25 

.34 

.21 

.12 

.37 

.31 

.51 

.11 

.06 

.00 

.20 

.10 

.12 

.15 

.17 

.13 

.10 

.00 

.53 

.12 

.10 

.09 


In  this  field  the  potash  varies  from  0.07  to  0.51  per  cent,  phos- 
phoric acid  from  0.03  to  0.10  per  cent,  lime  from  0.05  to  0.47  per 
cent,  and  magnesia  from  0.03  to  0.60  per  cent.  This  range  in  com- 
position in  this  single  field  would  cover  most  of  the  1,565  samples 
reported  from  France;  so  that  it  would  appear  that  there  is  no 
significant  difference  in  composition  with  respect  to  these  four  min- 
eral plant-food  constituents  in  most  of  the  soils  of  France  which 
have  been  examined  and  reported  upon. 

Another  reason  why  too  much  consideration  should  not  be  given 
to  slight  differences  in  composition  is  the  unavoidable  error  of 
analysis.  For  a  number  of  years  it  has  been  the  practice  of  the 
referee  on  soils  of  the  Association  of  Official  Agricultural  Chemists 
to  submit  samples  of  soil  to  various  analysts  for  examination.  These 
samples  are  thoroughly  prepared  by  grinding,  sifting,  and  miYmg 
and  careful  subsampling  to  insure  thorough  uniformity  in  the  samples 
which  go  to  the  different  individuals.  The  method  of  analysis  is 
explicitly  prescribed  so  as  to  insure,  as  far  as  possible,  uniformity  in 
results.    The  following  tables  of  results  show  the  agreement:* 


a  Bulletin  No.  43,  Bureau  of  Chemistry  (1894),  p.  33. 
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Variations  in  results  of  analyses  of  the  same  sample  of  soil  by  eight  analysts. 

[Provisional  method:  Thirty-six  hours'  digestion.] 
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Analyst. 

KsO. 

NafO. 

PiOft. 

CaO. 

MgO. 

A 

Percent. 

Percent. 

Percent. 
0.429 
.480 
.486 
.580 
.560 
.630 
.600 
.16 
.48 
.47 

Percent. 

Percent. 

B 

0.397 
.470 
.276 
.340 
.460 
.830 
.49 
.44 
.48 

0.76 
.166 
.280 
.140 
.140 
.126 

0.686 
.621 
.360 
.410 
.430 
.430 
.60 

0.619 

C 

.407 

D« 

.360 

Db : 

.390 

Df 

.400 

Ed 

.376 

F 

Q 

H 

a  Digestion  in  Snyder  flask. 

ft  In  plattnom  flask  and  condenser. 

«In  platlnom  bottle,  stoppered. 

d  Reported  as  dried  at  ll(r  C,  figured  to  original  soil  by  reporter. 

The  extreme  variation  here  representing  the  possible  Umit  of  error 
has  been:  For  potash  0.2  per  cent,  for  phosphoric  acid  0.44  per 
cent,  for  lime  0.24  per  cent,  and  for  magnesia  0.16  per  cent. 

Variations  in  results  by  eight  analysts — phosphoric  add  and  potash  calculated  as  per  cent 

of  the  ariedjine  earth.<^ 


[Official  method 

I:  Ten  hours'  digestion  hi  HCl  of  1.116  sp.  gr.] 

Analsrst. 

K|0.    Sample  No.— 

PfOi.    Sample  No. 

— 

1. 

2. 

8. 

4. 

1. 

2. 

3. 

4. 

A 

0.350 

0.164 

0.447 
.420 
.430 
.324 
.510 
.451 
.412 
.460 
.426 

0.268 
.210 
.117 
.201 

0.409 
.462 
.449 
.421 

0.230 

B 

.244 

C 

.346 
.354 
.260 
.373 

.112 
.286 

0.380 
.396 

0.04 
.226 

.095 

D 

.267 

E 

Fft 

.179 

.365 

.176 

.172 
.186 
.210 
.163 

.396 
.383 
.500 
.422 

.193 

Fe 

.190 

0 

.210 
.304 

.130 
.125 

.220 
.280 

.100 
.158 

.220 

H 

.176 

a  Bulletin  No.  47,  Bureau  of  Chemistry  (1896),  p.  36. 


b  QraTimetric. 


e  Volumetric. 


The  extreme  variation  here  has  been  for  the  various  soils;  For  potash, 
0.16, 0.12,  0.18,  and  0.18  per  cent,  respectively;  for  phosphoric  acid 
0.19,  0.15,  0.12,  and  0.15  per  cent,  respectively. 

Variations  in  results  by  nine  analysts — phosphorus  soluble  in  fifth-normal  nitric  acid.(^ 

[Parts  per  million  in  dry  soil.] 


Analyst. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

Analyst. 

No.]. 

No,  2. 

No.  3. 

No.  4. 

A* 

16.0 

R.0 

6.0 

168.0 

c 

140 

7.7 

3.1 

163.4 

A 

22.0 

l&O 

10.0 

176.0 

D 

lao 

&7 

8.6 

14&6 

A  e 

18.0 
l&O 

lao 

11.0 

&7 
&0 

168.0 
158.0 

D 

&6 
9.7 

A 

E 

16.7 

6.4 

167.1 

Ad 

14  4 

7.4 

44 

16&5 

F 

31.7 

1&2 

2&6 

167.4 

A 

140 

7.4 

4  8 

162.0 

G 

K4 

7.8 

48 

166.4 

B 

13.4 

&8 

8.6 

166l5 

Q 

146 

7.8 

48 

166.0 

B 

12.9 

6.1 

2.8 

164  6 

a  Bulletin  No.  106,  Bureau  of  Chemistry  (1907),  p.  144. 

b  Work  done  aooording  to  directions  sent  out. 

e  Bakhig  of  residual  omitted. 

d  Baking  omitted  and  phosphonis  determined  by  Kentucky  method. 
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Variations  in  retults  by  five  analysu — potassium  soluble  in  fifth-normal  nitrie  acid  by 

official  method.^ 

[Parts  per  mlllkm  In  dry  soil.] 


Analyst. 

No.1. 

No.  2. 

No.  8. 

No.  4. 

Analyst. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

A 

A 

B 

C 

99.2 

88.7 

113.0 

9&6 

13a  0 
136.9 
128.0 
127.9 

141.7 
139.8 
18&0 
135.6 

236.0 
233.1 
276.0 
234.4 

D 

E 

E 

89.3 
91.3 
96.1 

107.9 
136.0 
133.8 

12a  S 

142.6 
139.8 

189.1 

244.9 
248.9 

a  Bulletin  No.  106,  Bureau  of  Chemistry  (1907),  p.  144. 

The  determinations  in  the  above  tables  being  expressed  in  parts 
per  million  instead  of  in  per  cent  can  not  be  directly  compared  with 
the  first  two  tables,  but  it  is  seen  that  the  proportional  variation  is 
about  the  same. 

The  aggregate  area  of  the  three  coimtries  selected  for  a  com- 
parison of  the  soils  with  those  of  the  United  States  is  but  a  rela- 
tively small  part  of  the  continent  of  Europe.  The  total  area  of 
Europe  is  estimated  at  3,550,000  square  miles,  according  to  Rohr- 
bach,  and  3,760,000,  according  to  Wagner-Supan;  of  continental 
United  States  at  2,974,159  (land  area)  square  miles.  The  area  in 
square  miles  of  the  E\m)pean  countries  selected  for  a  comparison  of 
the  chemical  composition  of  the  soils  with  those  of  the  United  States 
covers  only  about  one-sixth  of  the  continent.  The  areas,  as  given  in 
the  Statesman's  Yearbook,  are  as  follows: 

Great  Britain  and  Ireland:  Square mOes. 

England 50,848 

Wales 7,467 

Scotland 30, 405 

Ireland 32,3^ 

121,060 

Germany 208,780 

France 207, 054 

The  land  area  of  some  of  our  own  States  with  which  these  figures 
are  comparable  are: 

Bqnamnfles. 

Texas 262,398 

California 156, 092 

Minnesota 80, 858 

Missouri 68, 727 

Illinois 56,002 

Alabama 51, 279 

Florida 54,861 

New  York 47,654 

Pennsylvania 44, 832 
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THE   CHEMICAL   COMPOSITION   OF   THE    SOILS   OF   THE    UNITED   STATES. 

The  following  table  contains  the  results  of  all  the  analyses  made  in 
the  United  States  by  the  "acid  digestion"  method  during  the  past 
eighteen  years,  so  far  as  they  have  been  found  in  the  literature.  A 
summary  of  the  findings  is  given  immediately  following  the  table: 

Chemical  composition  of  the  soils  of  ike  United  States. 


State  or  Torrltory. 


Californfao. 
Illinois 


Kaoisis 

Indiana 

Massachusetts. 

Michigan 

Missouri 

Montana 

New  York 

South  Dakota. 

Texas 

Wisconsin 

Illinois 

Iowa 

New  York 

California 


Illinois. 


Indiana 

Iowa , 

Kansas , 

Michigan 

Montana 

New  York 

South  Dakota 

Texas 

Wisconsin 

Washington:  6 

Yakima  County 

Kittitas  County 

Oregon, 6  Morrow  County. 
Alabama  c 

Butier  County 

Talladega  County 

Pike  County 

Arizona:  <f 

Qlendale 


Oranite  Mountains . 

Orangewood 

Tempe , 


Glendale. 


Orangewood.. 

Giendale 

Mesa 


Tempe. 


Olendale. 


Original 

sample 

No. 


1 
3 
5 
7 
9 
12 
14 
16 
18 
19 
22 
25 
27 
35 
39 
51 
63 
65 
69 
70 
73 
74 
76 
80 
84 
85 
87 
89 
90 

17 
37 
79 


1129 
1131 
1133 

3 

4 

5 

6 

11 

10 

17 

14 

1 

2 

9 

7 

19 
8 
16 
18 
15 
12 
13 
20 
21 


Potash 
(K,0). 


Per  cent. 
0.555 
.161 
.525 
.643 
.496 
.153 
.118 
.272 
.731 
.321 
.390 
.095 
.230 
.580 
.337 
.351 
.594 
.508 
.156 
.479 
.384 
.365 
.766 
.134 
.747 
.246 
.365 
.053 
.295 

1.07 
.70 
.89 


Phos- 
phoric       Lime 

acid     ,    (CaO). 
(PjOft).  : 


esia 


Per  cent. 
0.230 
.066 
.106 
.069 
.lf>6 
.144 
.064 
.121 
.185 
.189 
.153 
.032 
.125 
.085 
.137 
.156 
.163 
.117 
.070 
.185 
.105 
.093 
.128 
.066 
.176 
.202 
.147 
.035 
.163 

.13 
.18 
.18 


Per  cent. 

0.955 
.210 
.610 
.575 
.465 
.525 
.490 
.405 
.870 
.250 
.665 
.175 
.405 
.520 
.790 
.140 

1.535 
.900 
.230 

1.455 
.370 

1.185 
.675 
.405 
.970 
.125 
.710 
.150 
.535 


.15 

.017 

.182 

.029 

.903 

.150 

.149 

.032 

.955 

.244 

.528 

.148 

.777 

.220 

.472 

.140 

.671 

.050 

.630 

.112 

.783 

.080 

.593 

.068 

1.025 

.053 

.563 

.122 

.860 

.106 

.818 

.207 

1.959 

.227 

.970 

.210 

1.094 

.179 

1.045 

.147 

.683 

.149 

.777 

.053 

.686 

.045 

.534 

.031 

.928 

.185 

2.00 
2.08 
1.37 
.051 
.275 
.289 
.039 

2.213 
3.028 
2,721 
2.883 
2.068 
2.453 
1.336 
1.354 

.981 
1.282 
1.284 
2.703 
1.240 
2.419 
5.711 
2.611 
3.513 
4.205 
2.854 

.579 
6.427 


Magnesli 
(MgO). 


Per  cent. 

1.052 
.247 
.643 
.501 
.450 
.558 
.275 
.550 
.907 
.518 
.628 
.162 
.412 
.886 
.585 
.585 

1.726 

1.542 
.218 
.989 
.450 
.662 
.615 
.281 

1.105 
.549 
.585 
.104 
.457 

1.34 
1.47 
1.08 
.01 
.293 
.033 
.062 

2.535 
1.991 
2.441 
2.025 
1.391 
1.668 
1.317 
1.188 
1.764 
356 
713 
326 
102 
541 
3.086 
2.013 
1.466 
1.564 
1.447 
.775 


Casa  Orande 

California,  Needles** 

a  This  and  following  samples,  to  and  including  num1:)er  90,  analyzed  by  Moore,  Jour.  Am.  Chem.  Soc.  £4, 
85(1902). 
b  Uilgard,  Weather  Bureau  Bui.  No.  3,  p.  18  (1892). 
c  Bui.  3,  n.  s.  Alabama  Agr.  Expt.  Sta.,  No.  3,  p.  13  (1889). 
d  Bui.  28,  Arizona  Agr.  Expt.  Sta.,  pp.  77-92  (1898). 

2318— Bull.  57-^9 5 
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Chemical  composition  of  the  soils  of  the  United  States — Contiiiued. 


State  or  'Territory. 


California: « 

Amador  Coanty, 


Butte  County.. 
Shasta  County. 
Meroed  County. 
Fresno  County. 


Alameda  County. . . 
Santa  Clara  County. 
Napa  County 


Sacramento  County 

Contra  Costa  County. . . 
San  Bernardino  County. 


San  Diego  County. 


Arizona:  a 

Near  Yuma 

Olia  River  Valley.. 
Gallfomia:  b 

Sutter  County 

Tehama  County  — 

Sacramento  County 


Kem  County 

Sonoma  County 

Napa  County 

Alameda  County 

San  Luis  Obispo  County . 

San  Benito  County 

Ventura  County 

Riverside  County 


Orange  County . 
Tulare  County.. 


East  Highlands. 

Riverside 

Corona 

Wheatland 


Salton  Basin . 


Berkeley 

Colorado:  c 

Arkansas  Valley. 


Yuma 

Fort  Collins. 


1291 
1294 
1115 
1113 
1139 
1028 
1192 
1061 
1065 
1055 
1189 
1190 
1191 
1029 

999 
1075 
1077 

880 
1230 

809 

812 
1406 
1536 
1537 
1248 
1251 
1246 
1253 
1238 
1092 

506 
1195 

1645 
1636 
1698 
1690 
1466 
1647 
1655 
1679 
1693 
1704 
1714 
1758 
1759 
1760 
1761 
1016 
1150 
1167 
1163 
1984 
1406 


2403 
2405 
2408 
2411 
2324 
2325 
2430 

1 
2 
3 
4 

5 
6 

7 
8 


Per  cent. 

0.64 
.26 
.53 

1.48 
.26 
.273 
.26 
.418 
.29 
.82 

1.32 
.67 

1.01 
.28 
.31 

1.48 
.67 
.65 
.24 
.79 
.97 
.87 
.73 
.69 
.74 

1.17 
.68 

1.17 
.64 

1.42 

1.18 
.66 

.74 

.50 

.49 

.62 

1.04 

.  w 

1.28 

.73 

.51 

.45 

.47 

1.37 

.84 

1.16 

1.01 

.80 

1.20 

1.31 

1.24 

.98 

.87 

1.17 

.42 

.42 

.65 

.23 

.76 

.74 

.33 

.23 
.27 
.  uV 
.39 
.56 
.62 
.41 
.66 


Phos- 
phoric 

acid 
(P«00. 


Per  eeni. 

a05 
.07 
.05 
.05 
.07 
.041 
.03 
.028 
.02 
.07 
.06 
.10 
.OB 
.70 
.11 
.08 
.08 
.08 
.05 
.11 
.05 
.U 
.07 
.03 
.09 
.11 
.12 
.11 
.06 
.35 

.13 
.23 

.24 
.  26 
.20 
.11 
.22 
.16 
.09 
.19 
.29 
.16 
.21 
.23 
.12 
.28 
.22 
.06 
.10 
.14 
.00 
.13 
.14 
.11 
.20 
.14 
.21 
.00 
.23 
.22 
.07 

.23 
.22 
.21 
.14 
.16 
.15 
.21 
.29 


Lime       MagiK^.a 
<CaO).       (MgOj. 


JPet  cenU 
0.20 
.17 
.50 
.60 
6.10 
.113 
.49 
1.417 


1. 
1. 

i! 
1. 


02 

14 

99 

31 

10 

&21 

1.39 

.30 

2.49 

.71 

.66 

1.51 

1.65 

1.57 

1.58 

1.71 

1.11 

1.19 

1.15 

.96 

1.06 

2.20 

8.67 
6.26 

2.06 

.81 

1.45 

1.55 

1.29 

.90 

.54 

1.15 

1.04 

1.16 

.67 

4.23 

2.19 

8.00 

13.94 

2.04 

1.86 

1.70 

3.06 

.96 

1.67 

1.19 

.72 

.97 

.83 

.25 

4.35 

3.75 

.76 

2.80 
1.28 
3.69 
1.46 
3.58 
2.17 
.70 
.91 


Percau, 

a  IS 

.16 
.30 

2.21 

1  23 
.SK 
.3o 

1.9&S 
,63 

1.5^ 


1.54 

1.74 

11» 

.43 

ia9r 

1.43 

ia~ 

1.71 
.34 
1  24 
1  w 
1.33 
1.85 
1.7^ 
1.40 
1  29 
1.30 
1 


27 


2  09 

2.97 
.66 

2.13 

1.14 

.94 

.94 

1.24 

L9C 

.91 

i.m 

.34 
2.09 

.57 
3.80 
2-32 
5.® 
6.16 

Lse 
i.si 

1.96 
2.71 
1.42 
1.33 
1.79 
1.45 
1.83 
1.50 

.39 
1.24 
1.68 

.76 

.97 

.97 

1.61 

m 

.73 
1.00 

.S5 


a  Ann.  Rep.  Cal.  Agr.  Expt.  Sta..  1800,  pp.  23-50. 

6 Results  for  this  and  the  following  samples  to  and  inchisive  of  2411  from  Ann.  Rep  Cal  An*  EiBt 
Sta.,  1809-1901,  1893-4,  1894^,  1895-1907;  Nos.  2324  to  2425,  from  Bui.  140,  Cal.  Agr.  ExDt'stalfiafB) 
No.  2430  from  Bui.  143,  Cal.  Agr.  Expt.  Sta.  (1907).  *^  * 

c  BuJs.  9  and  10,  Colo.  Agr.  Expt.  bta.  (1890). 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


state  or  Territory. 


Colorado— Continued . 
San  Luis 


Fort  Collins. 
Florida:  a 

Lake  City.. 


Aubumdale. 


TobaoooBoll 

Tobacco  soil  (Cuban) 

Pineapple  soil 

Orange  soil 

Cotton  soil 

Indiana:  fr 

Newton  County 


Hendricks  County. 
Fountain  County. . 
Delaware  County. . 


Original 

sample 

Nu. 


9 
10 
11 


D 
E 


16 
7 

18 
1 
2 


Potash 
(KfO.) 


Percent. 

0.41 

.27 

.14 

.41 


Kentucky:  e 
Hodgenvllle. 
Lagrange.... 
Beard 


Newport . . 
Lexington. 


CaskT. 
Meade. 


Bhelbyvllle 

ScottsvlUe,  .\llen  County. 

Lincoln  County 

Logan  County 

Lewis  County 

Boone  County 


Marshall  County. 


Kenton  County 

•Breckenridge  County. 


Casey  County... 
Fayette  County. 
Henry  County.. 
Hopkins  County. 


Livingston  County. 


Pulaski  County 

Grayson  County 

Meade  and  Hisrdln  counties. 

Henderson  County 

Hickman  County 


Hopkins  County. 
Lincoln  County. 
Logan  County... 
Boone  County. . . 


2003 
2004 
2130 
2131 
2276 
2501 
2502 
2600 
6039 
6040 
6041 
)43 

7716 

7720 

7885 

8457 

8509 

8810 

8847 

8856 

8857 

8897 

9541 

9802 

9800 

10249 

9798 

9623 

9624 

10493 

10494 

10495 

10496 

9766 

11067 

11068 

11188 

11170 

11171 

11174 

10735 

11119 

14398 


.018 
.160 
.006 
.014 
.010 

.47 
.23 

.680 

.181 

.428 

.281 

.32 

.35 

.21 

.22 

.090 
.190 
.532 
.515 
Trace. 
.510 
.480 
.310 
.178 
.249 
.204 
.214 
.308 
.096 
.120 
.160 
.397 
.251 
.223 
.234 
.306 
.411 
.357 
.26 
.160 
.159 
.318 
.264 
.145 
.165 
.471 
.505 
.475 
.214 
.141 
.148 
.134 
.273 
.224 
.440 
.162 
.160 
.220 
.206 


Phos- 
phoric 

acid 
(P«0.). 


Per  cent. 

0.23 

.23 

.14 

.21 

.02 
.70 
.07 
.02 
.01 
.005 
.005 
.053 
1.60 
.012 
.018 
.032 

.17 
.22 
.284 
.222 
.123 
.154 
1.01 
.46 
.16 
.36 

.172 

.182 

.096 

.080 

.592 

.537 

.445 

.117 

.030 

.040 

.055 

.060 

.039 

.27 

.015 

.064 

.073 

.038 

.090 

.090 

.038 

.042 

.094 

.07 

.158 

.069 

.475 

.123 

.052 

.072 

.263 

.230 

.170 

.030 

.030 

.063 

.074 

.077 

.080 

.118 

.064 

.041 

.155 

.076 


Lime 
(CaO). 


Percent. 

0.67 

.81 

.68 

.70 

.03 
.34 
.06 
.03 
.10 
.007 
.008 
.130 
7.60 
.000 
.034 
Trace. 


Magnesia 
(MgO). 


Percent. 

0.54 

.56 

.67 

.85 

.02 

.13 

.03 

.05 

.03 

.001 

.003 

.008 

.        -17 
.009 
.022 
.020 


.080 
.190 
.198 
.175 


.605 
.425 


.26 
.120 


.520 


.503 
.  393 


.320 


a  Bul.  5,  Fla.  Agr.  Expt.  Sta.  (1899);  Bui.  6  (18S9);  Bui.  19  (1803);  Bui.  87  (1906). 
b  Bul.  95,  Ind.  Aer.  Expt.  Sta.,  pp.  25-29  (1903). 

cThls  and  following  samples  to  and  including  No.  8509,  Rep.  Ky.  Agr.  Expt.  Sta.,  1892, 1893, 1804, 1809, 
1901, 1902, 1008;  No6.fl308  to  14604,  Bul.  126,  Ky.  Agr.  Expt.  Bta. 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


state  or  Territory. 


Kentucky — Continued. 

Boyd  County 

Casey  County 

Clark  County , 


Fayette  County . 


Henry  County. 


Knox  County 

MublenberK  County . 

Ohio  County 

Pendleton  County. . 
Rockcastle  County. . 


Warren  County. 


Woodford  County. 


Louisiana  o. 


ICaine.b  Scarboro , 

Marvland:  c 

Washinglon  County, 


West  Virginia,  e  Ifartinsburg. . . . 
Maryland,  ^  Washington  County 

Michigan:  d 

Lenawee  County 


Washtenaw  County, 
Cass  County 


Shiawassee  County. , 
Agricultural  College, 


Van  Buren  County. 

Lake  County 

Mason  County 


Osceola  County  , 
Mecosta  County . 


Wexford  County 

Missaukee  County 

Grand  Traverse  County 

Bcnsie  County 

Antrim  County 


Original 
sample 
No.     • 

Potash 
(KiO). 

Phos- 
phoric 
acid 

Lime 
(CaO). 

Magnesia 
iUgO). 

(P»O0. 

Percent. 

Per  cent. 

Percent,  ' 

PercenL 

14401 
14407 
14411 

a  130 
.542 
.710 

0.064 
.058 
.377 

a500 

a480 

14412 

.732 

.455 

.600  ! 

.500 

14610 

.549 

1.335 

.725  ■ 

.280 

14613 

.646 

1.755 

1.100  1 

.240 

14654 

.375 

.855 

.712  , 

.400 

14618 

.638 

1.605 

L176 

.320 

14648 

.455 

.485 

.739  i 

.420 

14610 

.407 

.710 

.350  - 

.200 

14650 

.407 

.512 

.807 

.520 

14652 

.401 

.755 

.739 

.480 

.    14408 
14409 
14498 
14577 
14490 

.360 
.576 
.417 
.582 
.405 

.132 
.182 
.524 
.302 
.450 

.400 

.400 

14491 

.400 

.444 

.475 

.520 

14492 

.380 

.390 

.400 

.400 

14493 

.410 

.562 

.600 

.480 

14494 

.407 

.590 

.650 

.480 

14495 

.452 

.770 

.725 

.420 

14482 
14483 
14484 

.435 
.437 
.337 

.490 
.474 
.392 

.300 

.220 

14485 

.347 

.322 

.350 

.340 

14399 
14477 
14633 
14636 
14410 

.278 
.300 
.125 
.483 
.262 

.356 
.274 
.042 
.120 
.040 



.200 

.300 

14400 
14480 
14499 
14509 
14592 
14593 
14594 
14595 
14513 
14606 
14604 

.202 
.180 
.350 
.430 
.188 
.256 
.307 
.280 
.340 
.472 
.548 

.096 
.038 
.054 
.070 
.046 
.055 
.050 
.025 
.428 
.625 
1.385 

L725 

.240 

la 

.100 

.J064 

.170 

.114 

2a 

.120 

.112 

.060 

.021 

cccxcv 
133 

.14 
.55 

.17 
.50 

.56 

134 
463 

.35 
.45 
.43 
.22 
.32 

1.84 

.32 
.24 
.28 

.20 
.19 

.40 

.56 
.31 
.12 
.56 
.31 

1.98 

465 

466 

467 

1 

L43 

2 

2.06 

.41 

2.10 

1.59 

3 

1.18 

.40 

1.28 

.85 

4 

1.18 

.44 

2.02 

.66 

5 

1.10 

.33 

1.38 

.56 

6 

1.85 

.49 

1.64 

L23 

7 

.85 

.30 

1.22 

..59 

8 

2.12 

.41 

1.28 

.80 

9 

1.97 

.31 

1.46 

.43 

10 

.83 

.13 

.51 

.46 

11 

.90 

.23 

.62 

.28 

12 

.65 

.22 

.66 

.12 

13 

2.10 

.30 

1.00 

.80 

14 

1.19 

.» 

.80 

.64 

15 

1.96 

.44 

.94 

.48 

16 

1.80 

.33 

1.14 

.49 

17 

.83 

.15 

.65 

.24 

18 

1.95 

.28 

1.15 

.96 

19 

.89 

.13 

1.37 

.41 

20 

1.10 

.21 

.5S 

.27 

21 

.98 

.18 

.95 

.36 

a  Bul.  22,  La.  Agr.  Expt.  Sta..  1893.  p.  739.  c  Ann.  Rpt.  Md.  Agr.  Ezpt  Sta.,  1880,  p«  86. 

if  Ann.  Rpt.  Me.  Agr.  Expt.  Sta.,  1894,  p.  15.        d  Bui.  99,  Mich.  Agr.  Expt  Sta.,  1893,  pp.  6-15. 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


State  or  Territory. 


Mich  igan— Continued. 
Grayling 


Kalamazoo 

Grand  Haven... 

Luce  County 

Isabella  County . 
Midland  County. 
Clare  County 


Lake  County 

Gratiot  County... 

Bay  County 

Mon  tcalm  County . 

Otsego  County 

Iosco  County 

Minnesota:  a 

Redwing 

Gilford 

Good  Thunder 

Langdon 

Eden  Prairie 

Faribault  County. 

Grant  County 

McLeod  County.. 

Martin  County 

Meeker  County... 
Goodhue  County. . 
Warren 


Crookston. 


Twin  Valley. 

Gossen 

Moorhead... 


Worthington. 

Benson 

Fergus  Falls. 
Alexandria. . . 

Wadena 

Park  Rapids. 

Henning 

Fair  Hayen.. 
MiUeLacs... 

Pine 

Hinckley 

New  Duluth. 

Wyanette 

Saint  Cloud.. 

Duluth 

Farmington. . 


Rolling  Stone 

Faribault 

Owatonna 

Experiment  station 

Austin 

Wells 

Mankato 

Polk  County 

Norman  County 

Polk  County 

Wilkin  County 


Lincoln  County... 
Chippewa  County. 


Kandiyohi  County. 

Grant  County 

Martin  County 


Original 

sample 

No. 

Potash 
(K,0). 

Phos- 
phoric 
acid 

(P»0»). 

Per  cent. 

Per  cent. 

22 

0.20 

0.05 

23 

.33 

.04 

24 

.30 

.01 

26 

.34 

.88 

27 

.20 

.69 

28 

.42 

.46 

29 

.86 

.19 

30 

L85 

.49 

31 

.54 

.15 

32 

1.90 

.36 

33 

.73 

.14 

34 

.92 

.14 

35 

1.18 

.38 

36 

1.13 

.20 

37 

.61 

.14 

38 

1.10 

.16 

285 

.15 

.10 

265 

.33 

.10 

269 

.46 

.09 

290 

.17 

.15 

304 

.11 

.22 

300 

.30 

.19 

266 

.21 

.10 

234 

.25 

.20 

261 

.31 

.15 

302 

.25 

.18 

257 

.16 

.30 

203 

.54 

.38 

298 

.50 

.31 

202 

.60 

.29 

236 

.54 

.24 

272 

.90 

.13 

306 

.18 

.13 

308 

.30 

.19 

276 

.73 

.20 

224 

.45 

.35 

312 

.28 

.30 

222 

.18 

.21 

250 

.34 

.21 

249 

.32 

.26 

298 

.32 

.25 

326 

.36 

.65 

214 

.46 

.27 

208 

.17 

.32 

210 

.44 

.31 

245 

.28 

.20 

230 

.26 

.15 

292 

.19 

.36 

273 

.20 

.21 

216 

.14 

.22 

236 

.08 

.04 

228 

.18 

.12 

232 

.27 

.33 

288 

.08 

.10 

212 

.85 

.19 

264 

.25 

.45 

277 

.20 

.20 

279 

.19 

.20 

239 

.30 

.23 

280 

.23 

.21 

283 

.23 

.13 

242 

.30 

.23 

218 

.32 

.38 

220 

.36 

.26 

294 

.19 

.30 

464 

.84 

.29 

320 

.43 

.30 

317 

.34 

.27 

448 

.37 

.20 

446 

.27 

.22 

428 

.29 

.15 

442 

.38 

.26 

444 

.46 

.26 

414 

.25 

.21 

.21 

.10 

261 

.31 

.25 

Lime 
(CaO. 


Magnesia 
(igO). 


Per 


cent. 

0.20 
.24 
.32 

6.09 

6.02 

4.18 
.87 

1.64 
.36 
.  99 
.35 
.08 

L18 
.82 
.40 
.93 

.47 
.56 
.60 
.48 
.74 
.70 
1.00 
.23 

.  OS 

2.48 

.76 

2.44 

2.40 

2.55 

2.49 

1.07 

.48 

1.20 

1.29 

.69 

.65 

.61 

1.00 

1.53 

.92 

1.06 

13.56 

.54 

1.26 

.60 

.61 

.63 

.77 

.38 

.11 

.76 

.32 

.21 

.26 

.51 

.46 

.48 

.41 

.54 

.48 

.51 

.48 

1.10 

.53 

1.10 

5.05 

.71 

.89 

1.36 

.88 

.56 

1.05 

.70 

1.00 

.58 


Percent. 

0.12 
.17 
.15 
.  .81 
.62 
.75 
.27 

1.23 
.16 
.73 
.30 
.30 
.46 
.31 
.13 
.36 

.21 
.38 
.16 
.20 
.41 
.40 
.42 
.36 
.19 
.97 
.81 
1.85 
1.91 
.67 
.62 
.84 
.25 
.80 
.39 
.38 
.77 
.65 
.25 
.65 
.24 
.82 
2.57 
.33 
.35 
.60 
.18 
.13 
.25 
.29 
.12 
.25 
.51 
.13 
.10 
.12 
.18 
.27 
.39 
.30 
.18 
.26 
.45 
.  w 
.11 

.  ov 
2.57 
.63 
.53 
.30 
.73 
.74 
.70 
.43 
.42 
.19 


o  This  and  the  following  samples  to  and  including  No.  257  from  Ann.  Rept.  Minn.  Agr.  Expt.  Sta.,  1893; 
Nos.  203  to  329,  Bulls.  30,  41,  and  65,  Minn.  Agr.  Expt.  Sta. 
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Chemical  composition  of  the  soiU  of  the  United  States — Continued. 


state  or  Territory. 


Minnesota— Continued. 

Meeker  County 

Wright  County.... 
McLeod  County... 
Hennepin  County . 


Ramsey  County. 
Wadena  County. 
Beoker  County.. 
Todd  County. . . . 


Ottertail  County. 

Cass  County 

Dakota  County. . 


Wabasba  County. 
Ooodhue  County. 


Rioe  County 

Houston  County 

Freeborn  County 

Fillmore  County 

Faribault  County . . 

Olmsted  County 

Blue  Earth  County . 
Washington  County. 


Chisago  County. 
Pine  County... 


Carlton  County. 
Chisago  County. 


Pine  County... 
Dakota  County. 


Goodhue  County. 


Hennepin  County 
Wabasna  County. 

Winona  County . . 

Freeborn  County . 


Mower  County , 

Fillmore  County 

Waseca  County 

Martin  County 

Watonwan  County 

Nicollet  County 

Sibley  County 

Renville  Coimty 

Lyon  Count V 

Lac  qui  Parle  County . . . 

Big  Stone  County 

Kandiyohi  County 

Swift  County 


Original 

sample 

No 

Potash 
(K,0). 

Percent. 

202 

0.25 

432 

.13 

462 

.17 

430 

.30 

451 

.29 

374 

.28 

420 

.30 

422 

.25 

418 

.17 

424 

.16 

456 

.15 

414 

.27 

436 

.32 

434 

.30 

468 

.27 

285 

.22 

257 

.26 

480 

.32 

483 

.34 

470 

.27 

487 

.41 

300 

.30 

485 

.61 

269 

.46 

440 

.26 

314 

.17 

499 

.20 

426 

.18 

228 

.25 

474 

.12 

497 

.34 

496 

.31 

501 

.38 

563 

.42 

557 

.29 

535 

.44 

513 

.23 

553 

.40 

521 

.48 

527 

.51 

616 

.50 

555 

.44 

577 

.38 

573 

.37 

572 

.55 

542 

.43 

515 

.20 

618 

.44 

503 

.20 

596 

.38 

597 

.45 

596 

.44 

602 

.54 

594 

.46 

567 

.42 

584 

586 

.29 

519 

.63 

533 

.37 

633 

.49 

505 

.21 

455 

.57 

561 

.57 

531 

.49 

606 

.45 

607 

.36 

608 

.46 

523 

.52 

559 

.43 

511 

.42 

599 

.56 

568a 

.50 

502 

.54 

537 

.35 

624 

.58 

5<^8 

.34 

590 

.50 

620 

.62 

609 

.3^ 

525 

.30 

Per  cent. 

0.18 
.23 
.20 
.38 
.32 
.19 
.45 
.47 
.31 
.13 
.16 
.20 
.20 
.28 
.26 
.10 
.30 
.16 
.22 
.26 
.12 
.19 
.24 
.19 
.19 
.20 
120 
.13 
.12 

2.61 
.10 
.11 
.22 
.19 
.16 
.16 
.36 
.17 
.16 
.20 
.20 
.14 
.16 
.13 
.17 
.23 
.31 
.22 
.38 
.15 
.26 
.18 
.27 
.26 
.18 
.29 
.22 
.11 
.10 
.32 
.48 
.22 
.11 
.15 
.19 
.10 
.24 
.20 
.16 
.32 
.24 
.10 
.20 
.20 
.20 
.14 
.18 
.21 
.24 
.16 


.33 
.76 
.20 
.22 
.17 
.47 
.41 
.33 
.46 
.58 
.64 
.69 
.70 
.56 
.49 
.50 
.59 
.48 
.42 
.64 
.41 
.49 
.43 
.52 

1.60 
.61 
.67 
.52 

2.36 

1.94 
.40 
.49 

8.22 
.53 
.70 
.03 
.81 
.40 
.77 

2.55 
.62 
.63 
.97 
.57 
14.00 

1.65 
.68 

1.42 
.72 

1.31 
.87 
.58 
.99 


Magnesii 
(MgoT 


PercenL 
0.97 
.42 
.66 
.50 
.45 
.21 
.51 
.55 
.25 
.24 
.17 
.11 
.3S 
.40 
.54 
.17 
.SI 

.47 

.46 

.m 

.40 
.77 
.16 
.& 
.11 


.29 

.25 
.39 


.40 
.34 
.25 

.m 

.70 
.61 
.76 
.23 
.64 
.51 
.61 
.51 
.41 
.72 
.10 
.44 
.51 
.45 
1.17 
.53 


6.12 
.57 
.33 
.20 
.44 
.29 
.76 
.H 
.17 
.37 
.20 
.73 
.« 
.» 
.67 
1.33 
.67 
.73 
.« 
.60 
.74 
.11 
.33 
.27 
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Chemical  compoinlion  of  the  soils  of  the  United  States — Continued. 


State  or  Territory 


Minneaota— Continued . 

Polk  County 

Ottertail  County . . . 


Bocker  County . . 
Norman  County. 


Original 

sample 

No. 


Kittson  County... 
Hubbard  County. . 

Isanti  County 

Sherburne  County. 
Morrison  County . . 
Itasca  County 


Beltrami  County 
Steams  County  . 


Chisago  County 

Mississippi:  a 

Senatobla 

McNeil  Experiment  Station 


North  Dakota:  b 

Red  River  Vallev  (average  21  samples) 

James  River  Valley  (average  b  samples) 

Sheyenne  River  Valley  (average  2  samples). 

Mouse  River  Valley  (average  4  samples) 

Devils  Lake  region  (average  10  samples)  . . . 

Turtle  Mountains  (average  8  samples) 

Wells  County  (average  2  samples) 

Rolette  County  (average  7  samples) 

West  Missouri  (average  2  samples) 

Station  farm 


Mayville,  Old. 
Mayville,  New, 
Station  Plats.. 


Oregon :« 

Lincoln  County 

Washington  County 

Wasco  County 

Washington  County 

Benton  County 

Polk  County 

Washington  County 

Lincoln  County 

Washington  County 
Lincoln  County 


Lane  County 
Linn  County . 


551 
617 
632 
571 
612 
613 
614 
569 
611 
509 
579 
575 
540 
544 
548 
666 
600 
602 
630 
529 

1,489 


422 
423 
424 
425 
426 
427 
428 


1 

2 

24 

25 

lA 
IB 
IC 
ID 
IE 
IF 
IG 
IH 
II 
IJ 
IK 
IL 
IM 
IN 
10 
IP 

IQ 
IS 
IT 
lU 
IV 
IW 


Phos- 

Potash 

phoric 

(K,0). 

acid 

• 

(PiO»). 

Percent. 

Percent. 

a  57 

0.19 

.51 

.16 

.44 

.14 

.73 

.16 

.66 

.34 

.60 

.32 

.73 

.16 

1.16 

.19 

.20 

.04 

.10 

.23 

.18 

.11 

.23 

.14 

.15 

.11 

.55 

.07 

.18 

.13 

.35 

.14 

.27 

.10 

.37 

.09 

.43 

.21 

.36 

.30 

.270 
.023 

.142 

.210 

.017 

.54 

.19 

.48 

.27 

.54 

.17 

.34 

.18 

.57 

.12 

.55 

.14 

.45 

.19 

.45 

.25 

.35 

.19 

.45 

.27 

.44 

.33 

.60 

.38 

.73 

.40 

.54 

.38 

.63 

.39 

.50 

.39 

.22 

.37 

^   .18 

.31 

.77 

.21 

.61 

.20 

.79 

.27 

.82 

.29 

.78 

.38 

.96 

.39 

L76 

.06 

.10 

.27 

.03 

.03 

.16 

.32 

.00 

.02 

.12 

.09 

.28 

.34 

.26 

.34 

.11 

.01 

.47 

.05 

.24 

.33 

.11 

.30 

.12 

.08 

.19 

.06 

.26 

.21 

.38 

.33 

.33 

.12 

.16 

.18 

.22 

.12 

.33 

.11 

.09 

.16 

.15 

.11 

Lime 
(CaO). 


Percent. 

0.74 

.97 

.71 

.80 

4.60 

8.67 

LIO 

L25 

.48 

.38 

.28 

.44 

.42 

.74 

.19 

.76 

.51 

.27 

.70 

K22 

L560 
.220 
.170 

4.16 

L07 

14.67 

2.19 

6.08 

.77 

.41 

.96 

.32 

1.25 

.83 

.80 

.86 

1.01 

.85 

1.05 

2.10 

2.00 

L47 

.65 

1.06 

1.39 

L07 

1.19 

.23 

L40 
.34 
.63 
.65 
.75 
.13 
.76 

L60 

LOO 
.60 

L47 
.53 
.43 
.31 
.30 
.27 
.42 
.45 
.27 
.60 

3.51 


Magnesia 
(B&O). 


Percent. 

a68 
.61 
.25 
.76 

2.00 

LOO 
.60 
.58 
.25 
.29 
.21 
.34 
.30 

L04 
.22 
.36 
.24 
.13 
.37 
.41 

.460 
.162 
.140 

.81 
.57 
.93 
.51 
.61 
.47 
.28 
.14 
.43 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 
,.06 
.07 
.72 
.23 
.34 
.50 
.44 
.68 

1.13 

1.66 

1.71 

L18 

L41 

.13 

.90 

.71 

1.78 

L03 

.66 

L27 

.82 

L64 

.62 

.40 

.26 

.98 

2.04 

.52 

.27 

.21 


a  Sample  1489,  Ann.  Rpt.  Miss.  Agr.  Expt.  Sta.,  1890;  samples  from  McNeil  Expt.  Sta.,  Bui.  99,  Miss.  Agr. 
Expt.  Sta. 

ft  This  and  the  following  samples  from  Bui.  35,  N.  Dak.  Agr.  Expt.  Sta.  (1899),  and  Ann.  Rpt.  N.  Dak. 
Agr.  Expt.  Sta.,  1901. 

e  Samples  1 A  to  627,  Bui.  60,  Oieg.  Agr.  Expt.  Sta.  (1896)  samples  2382  to  2542,  Ann.  Rpt.  Oreg.  Agr. 
Expt.  Sta.,  1908. 
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Chemical  composition  of  the  soils  of  the  United  ^tate«— Continued. 


Slatp  or  Territory 


Oregon^Continuod . 

Douglas  County 

CrooK  County 

Union  County 

Washington  County 
Marlon  County 


Baker  County . 
Polk  County.. 


Original 

sample 

No. 


Washington  County 

Marlon  County 

Clackamas  County . . . 

Lincoln  C>ounty 

Washington  County 


Lane  County.... 

Polk  County 

Umatilla  County 
Benton  County.. 
Jackson  County . 


Josephine  County. 


Linn  County . . 
Wasco  County. 
Marion  County 


Multnomah  County. 
Josephine  County... 

Douglas  County 

Wasco  County 


Coos  County 

Benton  County. . . 
Marion  County . . . 
Yamhill  County.. 
Marlon  County . . . 
Josephine  County. 
Marion  County . . . 


Washington  a. 


2A 

2B 

406 

407 

409 

424 

425 

426 

447 

448 

449 

2N 

623 

624 

454 

625 

408 

597 

612 

613 

615 

615i 

643 

644 

626 

622 

629 

616 

618 

762 

763 

764 

765 

766 

410 

411 

628 

628i 

768 

769 

619 

619} 

617 

622 

627 

2382 

2383 

2407 

2410 

2425 

2448 

2449 

2450 

2540 

2541 

2542 

11 

16 

17 

19 

20 

21 

22 

25 

26 

27 

28 

29 

31 

32 

33 

34 


Potash 
(K,<)). 


Per  cent. 
0.44 
.83 
.84 
.18 
.94 
.04 
.51 
.03 
.02 
.39 
.02 
.47 
.29 
.11 
.11 
.51 
.17 
.23 
.19 
.47 
.23 
.33 
.33 
.21 
.19 
.27 
.39 
.12 
.12 
.46 
.25 
1.85 
1.27 
.31 
.20 
.41 
.20 
.29 
.06 
.21 
.48 
.52 
.26 
.38 
.50 
.62 
.31 
.30 
.38 


.12 

.15 

.06 

.19 

.18 

.22 

.26 

.26 

.37 

.331 

.530 

.432 

.202 

.007 

.136 

.112 

«  dvU 

.233 
.015 
.277 
.448 
.650 
.012  I 
.047  I 
.120  ' 


Phos- 
phoric 

acid 
(P1O5). 


Pn  cent. 
0.16 
.08 
.07 
.23 
.13 
.28 
.14 
.02 
.02 
.47 
.04 
.63 
.31 
.40 
.25 
.54 
.12 
.21 
.13 
.22 
.25 
.25 
.14 
.14 
.21 
.23 
.40 
.28 
.29 
.07 
.40 
.06 
.28 
.22 
.25 
.82 
.11 
.38 
.03 
.34 
.19 
.22 
.23 
.76 
.35 
.30 
.05 
.00 
Trace. 
.08 
.15 
.23 
.17 
.11 
.21 
.24 
.20 
.25 
.39 
.36 
.182 
.139 
.100 
.038 
.054 
.  .313 
.079 
.353 
.198 
.140 
.300 
.345 
.543 
.311 
.  oW 
.172 


Lime 
(CaO). 


Prr  cent. 

2.05 

1.21 
.76 

1.49 
.75 
.10 

1.13 
.94 

2.01 
.75 
.82 
.40 
.50 
.46 
.50 
.49 

1.13 

ro4 

.65 

.  56 

1.86 

.89 

2.32 

5.15 

2.49 

3.49 

.55 

1.41 

.95 

Trace. 

1.27 

3.11 

.13 

.82 

.38 

.84 

.52 

.41 

.66 

.46 

.32 

.34 

.63 

.43 

.35 

.00 

.28 

.72 

.71 


Maffncada 

(MgO). 


Per  crai. 

a42 

1.11 

.24 
.26 
.97 
.91 

1.93 
.01 
.02 
.87 
.S5 
.9« 
.» 
.63 
.W 
.71 
.38 

1.45 
.46 
.79 
.09 
-W 
.83 
-72 
.46 
.43 
.71 

1.10 
.62 
.OS 

1-23 

3.36 
.00 
.15 
.24 
.24 
.16 
.60 
.00 
.05 
.50 
.33 
-63 
.53 
.22 
!2S 
.35 
-33 
.91 


.36 
.24 
14.36 
.40 
.33 
.41 
1.50 
5.63 
1.25 
1.512 
1.180 
1.212 
.655 
.769 
.379 
1.112 
.362 
.397 
.109 
.082 
.781 
.431 
.130 
.398 
.675 


.64 
2-19 
.S^ 
1.5(27 
.733 
.788 
Trace. 
.426 
.036 
.031 
.2S1 
.031 


.066 

.122 
.033 
.033 

.018 
.116 


a  Buls.  13, 23,  and  55,  Washington  Agr.  Exp.  Sta.,  1894,  1902. 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


State  or  Territory. 


Wasliington 


Spokane  Cotuity. 


Jefferson  County. 


San  Juan  County. 


Okanogan  County 


Whitman  County. 


Whatcom  County. 


Skagit  County. 


Yakima  County. 


King  County 

Thurston  County 

Snohomish  County . . 

Island  County. .' 

Clarke  County 

Clallam  County 

Spokane  County 

Okanogan  County. . . 
Walla  Walla  County 

Franklin  County 

Kitsap  County 


£zi)erlment  Station  Farm. 


Thurston  County.. 

Pierce  County 

Snohomish  County 
King  County 


30 

40 

41 

30 

114 

119 

120 

42 

43 

175 

44 

45 

46 

71 

74 

76 

77 

5 

72 

73 

75 

78 

79 

139 

140 

141 

142 

82 

83 

84 

85 

86 

100 

101 

91 

92 

93 

94 

137 

102 

129 

179 

176 

103 

177 

105 

122 

162 

111 

128 

115 

198 

199 

218 

289 

290 

291 

292 

293 

294 

80 

81 

124 

126 

106 

373 

374 

375 

376 

377 

184 

102 

231 

37 

219 

220 

212 

221 

200 


Per  cent. 
0.274 
.058 
.442 
.436 
.374 
.663 
.651 
.019 
.022 
.054 
.000 
.000 
.000 
.341 
.347 
.006 
.019 
.635 
.471 
.332 
.006 
.142 
.021 
.316 
.483 
.275 
.319 
.111 
.057 
.006 
.015 
.129 
.186 
.028 
.189 
.149 
.310 
.047 
.455 
.004 
.057 
.142 
.076 
.051 
.218 
.145 
.626 
.335 
.154 
.171 
.550 
.534 
.385 
.147 
.378 
.465 
.485 
.440 
.437 
.393 
.065 
Trace. 
.111 
.054 
.003 
.107 
.129 
.117 
.092 
.020 
.188 
.004 
.189 
.003 
.181 
.144 
.146 
.150 
.087 


Phos- 

phoric 

Lime 

acid 

(CaO). 

(F«Oft). 

Percent. 

Percent. 

0.166 

a  979 

.150 

1.758 

.191 

.930 

.265 

.604 

.096 

.644 

.070 

.874 

.096 

.906 

.109 

.154 

.085 

.579 

.089 

.219 

.106 

1.468 

.365 

.538 

.274 

.448 

.112 

2.084 

.288 

4.679 

.096 

.714 

.112 

.614 

.142 

1.061 

.361 

.467 

.122 

.514 

.294 

.324 

.285 

.409 

.067 

.360 

.139 

1.234 

.054 

1.044 

.144 

1.322 

.266 

.802 

.090 

1.040 

.070 

.832 

.045 

.802 

.144 

.802 

.267 

1.082 

.304 

.474 

.205 

.518 

.128 

2.380 

.174 

.000 

.141 

1.250 

.154 

1.460 

.029 

1.154 

.067 

.380 

.070 

.500 

.390 

.404 

.320 

.506 

.176 

.414 

.237 

.-04 

.067 

.564 

.  <J44 

1.214 

.137 

.333 

.240 

.626 

.115 

.834 

.154 

.432 

.216 

.630 

.190 

.600 

.245 

27.040 

.320 

1.200 

.287 

1.460 

.351 

1.360 

.320 

1.660 

.351 

1.050 

.325 

1.300 

.018 

1.971 

.019 

.306 

Trace. 

.660 

.045 

.534 

.020 

1.206 

.177 

.160 

.136 

.175 

.192 

.005 

.136 

.010 

.336 

.220 

.312 

.638 

.058 

.380 

.297 

.460 

.205 

.660 

.192 

.040 

.409 

.760 

.217 

1.140 

.307 

.620 

.150 

.410  > 

Magnesia 
(MgO). 


Percent. 
0.015 
.647 
.362 
.043 
.207 
.072 
.270 
.336 
.036 
.212 
.150 
.432 
.223 
.018 
.061 
.011 
.027 
.727 
.266 
.283 
.546 
.000 
.161 
.464 
.112 
.000 
.014 
.000 
.006 
.005 
.007 
.006 
Trace. 
.018 
.002 
.068 
.364 
.421 
.013 

.216 

.180 
.236 
.018 
.332 
.367 
.200 
.054 
.023 
.460 
.306 
.036 
.054 
.605 
.400 

a  W.IV 

.346 
1.008 
.  299 
.362 
.018 
.281 
.082 
.036 
.476 
.010 
.148 
.109 
.091 
.091 
.048 
.561 
.112 
.048 


.091 

•  oie 
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Chemical  compo8ition  of  the  soils  of  the  United  States — Continued. 


State  or  Territory. 

Original 

sample 

No. 

Potash 
(KiO). 

Phos- 
phoric 
acid 

Lime 
(CaO). 

MgO). 

(PtOi). 

Utah:« 

PftCffU. 

Percent. 

Percent. 

Paeni. 

College  Farm 

90 

Ol046 

0.115 

3.45 

2.3» 

03 

.051 

.103 

3.06 

2.S2 

Cache  Valley,  south  end 

2067 

1.04 

.18 

.83 

.90 

^^^^^^^^F^^^^^         ^     ^^^^^^t^^M    m     ^r^^  ^PW  ^^^.^B     ^    ^i^  ^*w  ^    w    ^    ^    m    w^^^^^^^^mw^w^^^^    ^^» 

2074 

.62 

.18 

.09 

.55 

2182 
2070 

1.15 
.74 

.60 
.86 

.49 

.24*" 

S, 

2070 

L48    ' 

.30 

1.66 

2.12 

2062 

.60 

.24 

2.10 

.56 

Caobe  Valler.  west  side,  south  half 

Taw 

.77 

.10 

.   .84 

.61 

^^vi^^pww^f      *   •■••*»  J  ■     ■»  ^^ff  w  ^fw^^^'p   •^^^••^■^   •«^^»  ■  •  ^  ■•■••••••••• 

2nRA 

•  ■  • 

.76 

.24 

.85 

.64 

2071 

1.34 

.21 

1.00 

.96 

20r3 

1.50 

.27 

l.Ol 

.72 

2163 

U43 

:27 

L25 

.86 

2160 

L34 

.25 

1.28 

1.16 

2166 

LOO 

.42 

1.55 

.51 

Ctehe  Valley,  west  side,  north  half 

2061 

.47 

.14 

.46 

.21 

^^^^^^•M^#         W    ^•••i**^^    ^        »■   ^  ^P  •     ^PV^fl^^fl      ••^^B   ^Sa      BW^W  ••*     •     •■••■••■*• 

2078 

.67 

.18 

.90 

.67 

. 

206;{ 

.68 

.16 

.87 

.S 

2064 

.71 

.20 

.69 

.49 

2061 

1.37 

.20 

1.31 

.S) 

2066 

1.51 

.25 

1.06 

.89 

Cache  Valley,  north  end 

2169 

1.18 

.15 

1.85 

.88 

^^^^n^mm^^       w    WBB^'^   •    mM^^m  ^w    ^^mm^M  •■•■*■■■•■*■    •«■•■*«■■«■«■ 

2167 

1.56 

.30 

3.14 

.67 

2057 

.50 

.30 

.67 

.13 

Cache  Valley,  east  side 

2055 
2050 

L16 
1.30 

.20 
.18 

1.68 
2.22 

.54 

^l^^^^^^i^^i^  ^^             W       ^W^B^l^r^^      p        4^^iW^^^      V^V^^^r    ■•■       VV0VvWWWVVVVHVWVWVV^VVB 

1.47 

Middle  Cache  Valley 

2172 

L05 

.21 

7.85 

1-r 

2046 

.53 

.20 

L50 

.21 

2047 

.50 

.25 

2.43 

.58 

2048 

.60 

.18 

.50 

.73 

2040 

.30 

.18 

.54 

.3) 

• 

2050 

.44 

.20 

.56 

.41 

2051 

.00 

.25 

1.52 

.IS 

2052 

.31 

.18 

.62 

.31 

2053 

.36 

.15 

.47 

.» 

2084 

2.60 

.23 

6.39 

.» 

2063 

1.20 

.26 

8.36 

1.56 

Sanpete  Valley 

1810 

.27 

.16 

8.37 

.13 

1818 

.68 

.21 

0.81 

.73 

1817 

.72 

.11 

ia65 

.67 

1816 

.80 

.22 

13.00 

.84 

1821 

.51 

.17 

22.54 

1.29 

1824 

.65 

.15 

17.35 

.29 

1826 

.05 

.20 

14.89 

.42 

1827 

L24 

.24. 

13.16 

.36 

1806 

.58 

.17 

0.91 

L40 

1807 

.67 

.18 

0.53 

1.66 

1809 

LOS 

.10 

14.01 

1.30 

1805 

.58 

.14 

12.84 

.71 

1806 

.05 

.16 

22.05 

.89 

1825 

.81 

.17 

13.17 

1.80 

At 

1811 

.75 

.23 

13.99 

.46 

1812 

.60 

.20 

13.24 

.59 

1813 

L25 

.16 

13.76 

.73 

1814 

.06 

.12 

13.17 

.29 

Wjromlng:  b 

.14 

Laramie  Experiment  Farm 

6 

.56 

.16 

L47 

7 

.64 

.14 

.82 

.76 

Lander  Experiment  Farm 

37 

.68 

.15 

.64 

1.36 

51 

.61 

.20 

6.63 

l.tf 

Saratoga  Experiment  Farm 

10 

.64 

.12 

S.41 

.!b 

43 

.73 

.13 

.74 

1.15 

AJ 

Sheridan  Experiment  Farm 

33 

.52 

.28 

.60 

.94 

Sundance  Experiment  Farm 

27 

.68 

.18 

4.97 

3.21 

Wheatland  Experiment  Farm 

21 

.63 

.14 

.87 

.85 

Tennessee^ 

1 
2 

.120 
.180 

.040 
.074 

.053 
.060 

.1« 

.213 

«r1 

3 

.330 

.104 

.180 

.3C 

4 

.312 

.057 

.163 

.4i» 

5 

.002 

.021 

.050 

.2J1 

7 

.403 

.017 

.073 

6 

.340 

.022 

.100 

.26J 
.090 
.290 

8 

.218 

.010 

.100 

.410 

.158 

.510 

a  Ann  Rep.  Utah  Agr.  Expt.  Sta.  (1801);  Bui.,  62.  Utah  Agr.  Expt.  Sta.,  1896. 
b  Bui.  6,  Wyo.  Agr.  Expt.  Sta.  (1892). 
cBul.  3,  Tenn.  Agr.  Expt.  SU.  (1897). 
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Chemical  compontion  of  the  eoila  of  the  United  States — Continued. 


state  or  Territory. 

Original 

sample 

No. 

Potash 
(K,0). 

Phos- 
phoric 

acid 
(PsO.). 

Lime 
(CaO). 

Magnesia 
(MgO). 

Percent, 

Percent. 

Percent, 

Percent. 

Tenfiessee 

10 
11 

0.398 
.285 

0.078 
.020 

0.278 
.093 

0.356 

.157 

12 

.378 

.026 

.132 

.184 

13 

.409 

.060 

.212 

.270 

14 

.380 

.071 

.205 

.246 

15 

.416 

.113 

.199 

.290 

Greene  Coun  ty 

.092 

.021 

.050 

.085 

EInox  County 

.180 

.074 

.060 

.213 

^^k^^b^B^  ^^  >  ^         ^B^  ^^  ^^B  ^*^  ^^^W        V      **      V      9VBSvvVVVvwVVVBwvV0vwBwBwvWBW^      ■ 

.120 

.040 

.063 

.140 

OnindT  County.  .• 

.403 

.017 

.078 

-291 

Franklin  County 

.340 
.312 

.022 
.067 

.100 
.168 

.265 

Monroe  County 

.456 

Loudon  County 

.380 

.104 

.180 

.342 

Dyer  County 

.416 

.113 

.199 

.290 

Gibson  County 

.409 

.060 

.212 

•  eme^0 

.270 

Coffee  County 

.218 

.010 

•  m0mmK 

.100 

.090 

Benton  County 

.285 

.020 

.093 

.157 

Carroll  County 

.378 
.380 

.026 
.071 

.132 
.206 

.184 

Fayette  County 

.246 

Maury  County.. 

.410 

.158 

.510 

.290 

^^i^^B  W  V^  ^  ^W            ^i^  ^^  ^BV^B^  ^^^W       ^^    ^^     VVSBVV0VWV9HVBV.     ■*•*«■■•«.      VSV^^^ 

.893 

.078 

.278 

.355 

New  Heanpshiiea 

i' 

.64 

.36 

.68 

.62 

3i 
3i 

L06 
1.06 

.16 
.00 

.63 
.76 

.*63" 

.5, 

.91 

.08 

.73 

.74 

5i 

.97 

.06 

.77 

.68 

New  Yorkft 

E 
D 

.95 
.89 

.115 
.093 

.60 
.62 

1.02 

.86 

D« 

.98 

.134 

.68 

L04 

fi 

1.04 

.117 

.70 

L04 

Missouri  e 

la 
lb 

1.32 
1.23 

.06 
.09 

.63 
.55 

.44 

.88 

2a 

2.54 

.07 

.63 

•  40 

2b 

2.57 

.07 

.59 

.46 

3a 

L17 

.06 

.47 

.29 

3b 

1.13 

.06 

.42 

.21 

4 

L38 

.06 

.62 

.34 

Ne?adaii. 

11 
12 

.364 

.210 
.126 

9.056 
7.492 

3.776 

• 

3.031 

13 

.616 

.030 

L990 

L339 

14 

.470 

.104 

n.649 

2.810 

15 

.628 

.178 

17.831 

8.404 

• 

1 

.313 

.479 

1.86 

LQ3 

2 

.306 

.291 

7.716 

L570 

■ 

3 

.016 

.040 

9.580 

2.332 

* 

4 

.302 

.157 

2.447 

L403 

5 

.457 

.223 

7.223 

L283 

6 

.227 

.163 

L503 

.690 

7 

.128 

.019 

2.801 

.674 

• 

8 

3.34 

.215 

L407 

1.314 

9 

.277 

2.292 

L900 

L621 

10 

.682 

.190 

2.001 

L470 

1601 

.81 

.36 

2.60 

L18 

1503 

L12 

.36 

2.90 

.23 

1604 

L03 

.32 

6.00 

.17 

«1523 

1.79 

.30 

4.16 

.23 

1533 

.68 

.41 

.80 

4.14 

1534 

LOS 

.26 

5.16 

.22 

1508 

.51 

.46 

4.36 

1.29 

1509 

.97 

.73 

2.70 

.21 

1510 

.73 

.27 

3.30 

LOO 

1511 

.42 

.19 

2.46 

L08 

1512 

.91 

.28 

2.20 

.26 

• 

1513 

.42 

.38 

L86 

Trace. 

1514 

.92 

.79 

2.30 

.18 

1515 

.54 

.38 

3.90 

1.56 

1518 

.43 

.19 

12.00 

2.34 

1519 

.32 

.35 

7.99 

1.67 

1520 

.42 

.32 

2.40 

1.10 

1521 

Trace. 

.30 

L56 

.96 

1523 

Trace. 

.26 

14.65 

1.81 

1533 

.72 

.26 

02.50 

5.10 

1534 

.45 

.35 

8.10 

^.02 

a  Ann.  Rept.  N.  H.  Agr.  Expt.  Sta.,  1893. 

6  Ann.  Rept.  N.  Y.  Agr.  Expt.  Sta.,  1889. 

c  Bui  5.  Mo.  Agr.  Expt.  8ta.  (1889). 

tfBul.  19,  Neyada  Agr.  Expt.  Sta.  (1892, 1897);  Ann.  Rept.  Nevada  Agr.  Expt.  Sta.,  1890. 

«Nos.  1523, 1533, 1534  in  this  place  are  evidently  original  Nos.  1505, 1506, 1507  misnumbered. 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


state  or  Territory. 


Nevada 


Original     p  t^j^ 
sample      /vn\ 
No.         (^•^>- 


West  Virginia  a. 


Ohio:ft 

East  farm,  Wooster. 


South  farm,  Wooster. 


University  farm,  Columbus. 


Test  farm,  StrongviUe. 


Test  farm,  StrongviUe. 


Northwest  test  farm,  Neaix>lis. 


German  town 

Carpenter  tost  farm. 


Wooster  experiment  farm,  first  12  inches. 

StrongviUe,  first  12  inches 

Columbus,  O.  S.  U.,  first  12  inches 

Neapolis,  first  12  inches 


1545 

1546 

1547 

1548 

1549 

li 

13 

14 

15 

16 

17 

46 

47 

48 

49 

50 

51 

53 

840 

844 

830 

834 

800 

804 

810 

814 

820 

824 

850 

852 

854 

856 

858 

860 

872 

876 

862 

866 

868 

1 

4 

7 

10 

13 

16 

19 

22 

1862 

1864 

1368 

1874 

1880 

1884 

1810 

1820 

1826 

1832 

1838 

1844 

1846 

1802 

1806 

1803 

1807 

1786 

1792 

1787 

1793 

4253 

4255 

4257 


Per  cent. 
0.46 
.32 


.32 

.40 

.243 

.503 

.806 

.403 

.706 

.481 

.250 

.516 

.469 

.781 

.  ooo 

.401 

.479 


.25 

.07 

.35 

.24 

.061 

.30 

.20 

.06 

.27 

.28 

.08 

.29 

.15 

.064 

.21 

.15 

.091 

.25 

.16 

.101 

.37 

.14 

.089 

.23 

.16 

.11 

.25 

.19 

.129 

.33 

.29 

.07 

.32 

.27 

.079 

.20 

.25 

.06 

.24 

.24 

.097 

.28 

.20 

.118 

.25 

.28 

.08 

.30 

.28 

.151 

.225 

.27 

.118 

.187 

.39 

.167 

.24 

.29 

.191 

.30 

.34 

.156 

.202 

.64 

.12 

.64 

.53 

.20 

.60 

.62 

.17 

.59 

.55 

.17 

.46 

.59 

.15 

.45 

.53 

.10 

.63 

.62 

.11 

.68 

.43 

.12 

.45 

.18 

.097 

.20 

.25 

.064 

.16 

.22 

.121 

.10 

.21 

.099 

.19 

.20 

.08 

.23 

.25 

.12 

.28 

.23 

.197 

.19 

.19 

.161 

.18 

.19 

.113 

.27 

.28 

.227 

.30 

.20 

.126 

.354 

.11 

.128 

.23 

.15 

.121 

.22 

.05 

.11 

.11 

.05 

.16 

.49 

.06 

.10 

.06 

.06 

.12 

.41 

.046 

.120 

.07 

.060 

.130 

.31 

.040 

.110 

.07 

.090 

.120 

.22 

.142 

.102 

.11 

.193 

.124 

.18 

.181 

.101 

.18 

.25 

.80 

.313 

.251 

.145 

.206 

.563 

.143 

.621 

.043 

.115 

.070 

(MgO). 


1.05 

.45 
.45 
.34 


.3D 

.e 

.4S 
.28 
.43 
.43 
.42 
.42 
.40 
.40 
.S 
.35 
.44 
.37 
.43 
.36 

.m 
.3:3 

.45 

.39 

.S5S 

.76 

.52 

.71 

M 

.61 

.58 

.e 
.49 
.44 
.31 

.54 
.34 
.40 
.40 
.42 
.56 

.57 
.44 
.51 

.50 

.00 

.18 

.14 

.15 

.10 

.14 

.11 

.15 

.31 

.33 

.26 

.35^ 

.474 

.63 

.105 


a  Buls.  28  and  99,  W.  Va.  Agr.  Expt.  Sta.  (1892, 1906). 
b  Buls.  110  and  150,  Ohio  Agr.  Expt.  SU. 
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Chemical  composition  of  the  toils  of  the  United  States — Continued. 


State  or  Terrltofy. 


Oklahoma:  o 

Virgin  soil,  Station  iarm 

Virgin  soil 

Virgin  soil 

Pennsylvania:^ 

Donegal 

Rocky  Springs 

Connecticut,  New  MiUord 

North  Carolina,  Qranville  County. . 
South  Carollna^e  Spartanburg  iarm. 


Columbia  &rm. 


Darlington  farm. 


Big  River 

Rhode  Island  :<< 

Kingston  plain... 

Kingston  upland. 

Warwick 

Lime  Rook 

Block  Island 

Hiddletown 

East  Provldenoe. 
Tennessee: « 

Hamblen  County. 


Knox  County. 


Hamblen  County. 

Knox  County 

McMinn  County.. 
Hamblen  County. 


Knox  County. 


Hamblen  County. 
Knox  County 


McMinn  County 

Roane  County 

Washington  County. 
Anderson  County. . . 

Hamblen  County 

Knox  County 


Roane  County 

Blount  County... 
Hamblen  County. 
Knox  County 


Cumberland  County. 


Cumberland  County. 

Coffee  County 

Franklin  County  — 


Humphreys  County . 
Lawrence  County . . . 


Montgomery  County, 
Stewart  County 


Original 

sample 

No. 


7 

10 
6 


13 

17 

15 

1 

3 

5 

19 

21 

23 


165 
166 
167 
168 
169 
170 
171 

58 

65 

606 

31 

48 

64 

25 

172 

60 

66 

32 

602 

608 

51 

57 

29 

821 

174 

595 

597 

129 

49 

600 

603 

30 

37 

653 

593 

35 

53 

26 

612 

605 

746 

67 

68 

750 

39 

565 

CitA 

OuO 

592 
560 
570 
742 
581 
583 


Potash 
(K,0). 


PereenL 
0  44 
.80 
.32 

.62 

.67 

.23 

.02 

.142 

.090 

.100 

.171 

.060 

.089 

.052 

.050 

.040 

.541 

.155 
.175 
.124 
.184 
.136 
.164 
.126 

.12 
.10 
.09 
.14 
.16 
.23 
.28 
.38 
.28 
.06 
.29 
.26 
.09 
.85 
.36 
.43 
.26 
.68 
.18 
.18 
.21 
.24 
.36 
.41 
.34 
.18 
.18 
.30 
.52 
.91 
.45 
.41 
.06 
.18 
.08 
.06 
.23 
.31 
.27 
.34 
.23 
.  .16 
.28 
.22 
.15 
.17 


Phos- 
phoric 

acid 
(P«0»). 


Percent. 
0.06 
.04 
.06 

.191 

.265 

.22 

.02 

.057 

.066 

.011 

.044 

.107 

.022 

.034 

.037 

.051 

.155 

.127 
.106 
.029 
.092 
.067 
.099 
.120 

.04 
.04 
.04 
.03 
.05 
.04 
.09 
.06 
.10 
.01 
.09 
.08 
.03 
.10 
.07 
.07 
.09 
.07 
.07 
.07 
.17 
.06 
.16 
.18 
.09 
.16 
.11 
.09 
.18 
.09 
.12 
.09 
.08 
.06 
.02 
.03 
.07 
.09 
.10 
.04 
.05 
.06 
.06 
.05 
.05 
.51 


Lime 
(CaO). 


Percent, 
0.95 
.44 

.76 

.61 

.41 

.32 

.07 

.027 

.037 

.045 

.019 

.022 

.046 

.025 

.062 

.028 

.188 

.ocv 
.448 
.410 
L295 
.273 
.252 
.495 

.08 
.10 
.12 
.09 
.14 
.16 
.17 
.12 
.04 
.09 
.11 
.12 
.08 
.82 
.17 
.22 
.10 
.31 
.06 
.10 
.12 
.12 
.30 
.38 
.20 
.18 
.16 
.26 
.17 
.73 
.43 
.41 
.10 
.06 
.04 
.04 
.23 
.21 
.16 
.14 
.13 
.06 
.06 
.14 
.12 
.15 


Ma^esla 
(MgO). 


Percent. 

0.21 

.16 

.18 

1.26 
2.05 
.78 
.02 
.061 
.043 
.110 
.040 
.072 
.124 
.043 
.047 
.008 
.811 

.209 
.264 
.290 
L141 
.209 
.368 
.356 

.13 
.12 
.22 
.11 
.20 
.17 
.15 
.37 
.13 
.11 
.10 
.22 
.15 
.42 
.25 
.24 
.30 
.53 
.12 
.18 
.19 
.24 
.29 
.73 
.35 
.31 
.22 
.33 
.56 
.96 
.48 
.52 
.10 
.27 
.14 
.16 
.21 
.30 
.23 
.27 
.26 
.21 
.31 
.23 
.18 
.18 


a  Bul.  No.  5.  Okla.  Agr.  Expt.  .^ta.  (1894). 
b  Ann.  Rept.  Pa.  Agr.  Expt.  Sta.,  1894. 
c  Ann.  Rept.  S.  C.  Agr.  Expt.  Sta.,  1880. 


d  Bui.  28,  R.  I.  Agr.  Expt.  Sta.  (1894). 
e  Bul.  78,  Tenn.  Agr.  Expt.  Sta.  (1906). 
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CROP  YIELDS,  SOIL.  COMPOSITION,  AND   PKODUCXIVITY. 


Chemical  composition  of  the  soils  of  the  United  States— Continued. 


State  or  Territory. 


Tennessee—  Continued . 
While  County 


Coffee  County . . 
Dickson  County , 


Houston  County 


Lewis  County , 


Putnam  County. 
Warren  County . 


Bedford  County , 


DaTldson  County . . . 

Lincoln  County 

Marshall  County 

Rutherford  County. . 

Smith  County 

Sumner  County 

Williamson  County. 

Carroll  County 

Chester  County 

Dyer  County 

Gibson  County 

Hardeman  County . . 
Henderson  County . . 

Henry  County 

Madison  County 

McNairy  County 

Obion  County 

Weakley  County 

Blount  County 

Giles  County 

Roane  County 

White  County 

Montgomery  County 

Maury  County 

Sumner  County 

Oreson:a 

Salem 


Original 

sample 

N6. 


571 
674 
563 
564 
867 
5Q1 
5W 
500 
585 
586 
58S 
579 
587 
588 
843 
806 
575 
580 
751 
615 
616 
572 
573 
577 
578 
747 
748 
170 
171 
175 
176 
617 
42 
561 
633 
660 
685 
822 
634 
160 
161 
567 
568 
662 
661 
650 
664 
158 
150 
668 
670 
658 
663 
749 
671 
669 
666 
665 
667 
135 
576 
584 
504 
883 
871 
874 
885 
873 

2607 
2606 
2600 
2700 
2701 
2702 


Potash 
(K,0). 


Phoo- 

phorlo 

acid 

(PtOft)- 


Pereeni. 
0.20 
.22 
.21 
.32 
.00 
.16 
.10 
.31 
.15 
.12 
.15 
.13 
.18 
.25 
.07 
.14 
.08 
.11 
.28 
.17 
.15 
.33 
.49 
.46 
.19 
.26 
.30 
.32 
.42 
.43 
.43 
.70 
.44 
.19 
.25 
.33 
.29 
.22 
.24 
.33 
.2d 
.33 
.&» 
.21 
.32 
.20 
.24 
.21 
.26 
.28 
.86 
.23 


JAmo 
<CaO>. 


.81 
.20 
.2S 


34 


.7e 


oo 


20 
38 
31 
40 

15 
20 
26 
12 
44 
30 


Ptrceni.. 
0.06 
.07 
.07 
.05 
.04 
.OS 
.08 
.02 
.03 
.03 
.06 

.o» 

.02 
.04 
.03 
.04 
.01 
.01 
.14 
.08 
.08 
.12 
.06 
.10 
.06 
.16 
.11 
.  26 
.17 
.14 
.15 
.06 
.81 
.32 
.26 
.27 
.08 
.21 
.20 
•  26 
.25 
.32 
.97 
.07 
.05 
.11 
.06 
.06 
.06 
.08 
.00 
.07 
.07 
.09 
.06 
.09 
.07 
.06 
.08 
.24 
1.52 
1.70 
.04 
.07 
.05 
.16 
.21 
.38 


.41 
.53 
.21 
.21 
.34 
.18 


llagncsta 


I*€Tcmt. 

a  14 

.13 
.00 
.14 
.14 
.08 
.10 
.02 
.10 
.04 
.09 
.34 
.06 
.03 
.06 
.00 
.07 
.07 
.09 
.28 
.25 
.24 
.31 
.57 
.05 
.14 
.10 
.20 
.18 
.56 
.61 
.45 
.31 
.20 
.17 
.27 
.22 
.17 
.23 
.38 
.20 
.20 
.18 
.16 
.10 
.19 
.16 
.16 
.11 
.23 
.22 
.16 
.15 
.00 
.11 
.30 
.20 
.11 
.16 
.24 
L38 
2.25 
.09 
.13 
.15 
.25 
.29 
.43 

.37 

.48 
.80 
.54 
.32 
.45 


Per 


I 


enU. 

aie 

.34 
.13 
.24 

.15 
.« 
.19 
.24 

-18 

.16 

.17 

.35 

.11 

.14 

.13 

.13 

.37 

.19 

.21 

.33 

.43 

.44 

.19 

.24 

.27 

.32 

.« 

.36 

.34 

.79 

.53 

.30 

.28 

.35 

.3 

.21 

.36 

.28 

.3? 

.32 

.25 

.21 

.41 

.21 

.iS 

.25 

.37 

.23 

.3} 

.21 

.21 

.43 

.19 

.42 

.24 

.4D 

.2b 

.52 

.34 

.35 

.23 

.2.*> 

.23 

.3^ 

.35 

.39 

.76 
.41 

.30 

.r 

.13 
.13 


a  Ann.  Rep.  Oregon  Agr.  Expt.  Sta.,  1905;  Bradley  Jour.  Am.  Chem.  Soc.  28  64  (1906) 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


State  or  Territory. 

Original 

sample 

No. 

Fotash 
(K,0). 

Phos- 
phoric 
acid 

Lime 
(CaO). 

Ifagne^ia 
(SkO). 

(PfO.). 

Oregon— Continued . 

HubtMtfd 

Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

2097 
2095 
2096 
2513 

ao8 

.14 
.30 
.19 

0.24 
.38 
.40 
.24 

0.28 
.31 
.45 
.71 

6.' 56* 

2525 

.21 

.19 

.68 

.87 

2539 

.20 

.26 

.78 

.85 

2554 

.28 

.14 

1.11 

.56 

2591 

.10 

.45 

.94 

.48 

2592 

.18 

.23 

.29 

.11 

2616 

.51 

.20 

1.26 

.90 

2617 

.30 

.22 

.84 

1.27 

2618 

.13 

.20 

1.22 

.79 

2619 

.25 

.21 

1.98 

1.31 

2621 

.17 

.19 

1.09 

.71 

2627 

.19 

.12 

1.18 

.29 

2623 

1.16 

.23 

1.92 

1.00 

2635 

.10 

.38 

.54 

.33 

2637 

.17 

.31 

.48 

.46 

« 

2638 

.16 

.39 

.67 

.59 

2644 

.26 

.20 

.76 

.73 

2649 

.12 

.41 

.67 

.28 

2650 

.16 

.84 

.94 

.29 

2656 

.09 

.16 

.55 

.60 

2658 

.10 

.38 

2.89 

.60 

2689 

.18 

.36 

.59 

.18 

2690 

.28 

.26 

1.44 

.55 

2601 

.43 

.30 

.91 

.80 

2710 

.43 

.43 

.53 

.00 

2751 

.43 

.18 

.45 

.00 

2754 

.37 

.31 

1.40 

.95 

2758 

.38 

.38 

.24 

.79 

2781 

.34 

.09 

.31 

.91 

2838 

.39 

.22 

.67 

.80 

' 

2841 

.18 

.14 

.85 

.48 

2843 

.38 

.25 

.77 

.44 

2844 

.27 

.34 

.91 

.35 

2847 

.44 

.25 

.74 

.58 

2848 

.14 

.24 

.48 

.35 

• 

2854 

.26 

.16 

.88 

.46 

2855 

.52 

.39 

.69 

.67 

2869 

.31 

.25 

.68 

.76 

2921 

.97 

.24 

1.35 

1.24 

Beaverdam  soils 

1 
2 

.14 
.28 

.26 
.31 

1.09 
.26 

.22 

.06 

3 

.13 

.22 

.47 

.10 

/ 

4 

.10 

2.30 

.92 

.83 

5 

.20 

.21 

L18 

.25 

North  Carolina:** 

Oxford 

.161 

.06 

.240 

.047 

Washington:  fr 

Spokane  County 

.......... 

564 
641 

.829 
.438 

.249 
.108 

7.768 
.320 

3.891 

.142 

642 

.304 

.157 

.334 

Trace. 

643 

.356 

.300 

.524 

.898 

1030 

.389 

.185 

.618 

.295 

Stevens  County 

77 

.492 

.122 

.741 

.150 

^^^    ^  ^^     *     ^^^^^^^^        ^^    ^^   ^p^^^^  ^  ^m        ^      ^      ^^      ^^^^^^^^^«^«wVVWVVHBBV«VW0V0^ 

78 

.225 

.048 

.741 

.239 

' 

161 

.074 

.063 

.400 

.234 

■ 

342 

.162 

.280 

.350 

.176 

435 

.193 

.400 

.506 

.374 

436 

.229 

.343 

.494 

.602 

656 

.412 

.217 

.640 

1.218 

656 

.320 

.089 

.590 

.460 

673 

.336 

.192 

.499 

.515 

1103 

.099 

.062 

36.009 

.684 

Ferry  County 

446 

.264 

.124 

.581 

.548 

^^     ^^F^  ^  ^w         ^.^  ^^  ^mm^^  ^  ^M      ^     ^     ^     ^    ^^    w    ^    ^    ^    m    ^    ^^^^    v^    •^^■^^^^^^•■■•^•^ 

1872 

.323 

.257 

.961 

.262 

1873 

.384 

.241 

.760 

.216 

Okanogan  County 

789 

.294 

.145 

.668 

.162 

^^     ^.^■^■^.^►^^^  ^^fc**^  ^"^W        ^>^  ^^   *i^^"^          a^         •^•■•••••••••••••■••••^••■•■•■^ 

790 

.335 

.170 

.944 

.319 

Chelan  County 

158 

.118 

.078 

.379 

.301 

576 

1.144 

.122 

L365 

.897 

1885 

.518 

.225 

.714 

.186 

1886 

.649 

.240 

.852 

.522 

o  Bui.  90  A.  N.  C.  Agr.  Expt.  Sta.  (1893). 

b  Bui.  85,  Wash.  Agr.  Expt.  Sta.  (1906).  Bui.  10,  DIv.  of  Chemistry,  U.  S.  Dept.  Agr.  (1886). 
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CROP  YIELDS,  SOIL  COMPOSITION,  AND  PRODUCTIVITY. 


Chemical  composition  of  the  soila  of  the  United  Statu — Continued. 


State  or  Territory. 


Wash  ington  — Conti  nued . 
Lincoln  County 


Douglas  County. 


Adams  County 

Whitman  County . . . 

Garfield  County 

Asotin  County 

Walla  Walla  County 

Columbia  County. . . 
Benton  County 


Yakima  County 

Kittitas  County 

KlickiUt County  ... 

Skamania  County. . . 
Clarke  County 

Wahkiakum  County 

Lewis  County 


Chehalis  County. 
Mason  County... 


San  Juan  County. 
King  County 


Dakota:  a 

Prairie  soils. 


Original 

sample 

No. 


741 

742 

1890 

868 

1024 

1241 

1242 

1416 

1690 

1837 

1888 

1134 

1133 

1420 

1431 

1432 

1698 

1842 

1845 

1846 

1135 

1411 

1412 

142 

708 

743 

745 

767 

782 

194 

545 

662 

677 

722 

723 

751 

8 

9 

190 

512 

1025 

661 

1102 

172 

330 

331 

602 

603 

604 

783 

784 

785 

786 

1772 

143 

144 

860 

1656 

1657 

1658 

1659 

1660 

1661 

1662 

394 

870 

871 

159 

160 

499 

500 

744 

6 

16 

7 


Potash 
(K,0). 


Phos- 
phoric 
acid 
(PiO^j. 


PereetU. 

0.436 
.524 
.517 
.335 
.312 
•  2Bd 
.442 
.380 
.450 
.411 
.506 
.567 
.320 
.434 
.426 
.391 
.358 
.413 
.328 
.426 
.467 
.431 
.387 
.427 
.329 
.312 
.288 
.304 
.415 
.212 
.144  i 
.293 
.125 
.471 
.462 
.794 
.359 
.413 
.147 
.028 
.116 
.385 
.318 
.166 
.066 

0.178 
.354 
.610 
.134 
.071 
.162 
.224 
.124 
.184 
.223 
.144 
.146 
.440 
.495 
.475 
.545 
.535 
.940 
.700 
.151 
.180 
.162 
.126 
.157 
.125 
.153 
.192 

.720 
.725 
.746 


Perctnt. 
0.117 
.150 
.172 
.155 
.050 
.125 
.147 
.102 
.042 
.120 
.187 
.127 
.080 
.052 
.012 
.047 
.050 
.142 
.087 


.110 
.162 
.152 
.165 
.106 
.140 

Trace. 

Trace. 

Trace. 
.136 
.130 
.102 

Trace. 
.112 
.063 
.187 
.150 
.184 


.032 
.067 
.138 
.118 
.243 
.198 
.426 
.212 
.105 
.062 
.062 
.297 
.107 
.062 
.182 
.118 
.390 
.156 
.192 
.192 
.224 
.224 
.216 
.224 
.224 
.300 
.125 
.087 
.044 
.073 
.286 
.190 
.124 

.112 
.112 
.224. 


(CaO).  !  (MgO;. 


I 


Percent. 

0.84? 

.756 

.563 

5561 

1.120 

.568 

.762 

.563 

.618 

.501 

.506 

.726 

.609 

.480 

.535 

.549 

.824 

LOOS 

.650 

.770 

.755 

.803 

.831 

3.451 

L570 

.944 

.967 

1.721 

1.250 

1.631 

L770 

LOTS 

.648 

L190 

2.134 

14.912 

.663 

.300 

.365 

.7W 

.550 

.540 

.452 

.486 

.200 

.862 

.552 

L542 

.145 

.653 


.479 

.421 

.164 

.379 

.303 

1.525 

L838 

1.433 

1.829 

2.099 

1.418 

L428 

1.449 

.873 

L060 

1.031 

.615 

.693 

L089 

L089 

I.S21 

.848 

.852 

3.896 


Pa  cm. 
asM 

.716 
.P 
.976 
.443 
M 
M 
.171 

.258 

.m 

.817 
.632 
.29 
.0» 
.210 
.306 
.140 
.104 
.110 
.1^ 
.«7 
.SB 
1.4$ 

i.on 

.650 
.712 
.940 

.70! 

i.ro 

.500 

Trart 

.793 

iS» 

.354 
Trart- 


".■547 

"^674 
.22s 
.9fi 

■'.« 
.455 

.m 

.!«> 

.cs 

.256 
.713 

.«: 

.703 
.6» 
.465 
1.411 
.973 
.94' 
.991 

4M 
.^ 

6$ 

>-S 
".Otf 


aBul.  10,  DIv.  of  Chemistry,  U.  S.  Dept.  Agr.  (1886)  (locality  unknown). 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


state  or  Territory. 


MIchigan:a 

Berrien  County. 
Indiana.'a 

Booue  Ck>unty. . 
New  York:  a 

Oswego  County. 


Louisiana:  o 

Rapides  Parish. 


Nebraska:  b 

Dawes  County 

Cherry  County 

Brown  County 

Antelope  County 

Saunders  County 

Lancaster  County 

Hamilton  County 

Mills  farm 

Division  B 

Wisconsin  :<" 

Experiment  plat- 
Poor 

Medium 

Good 

Douglas  County 

Clark  County 

University  farm 

Shiocton 

Lac  du  Flambeau 

Peat 

Muck 

Texas:  c( 

Terrell 

Forney 

Prairie  soil 

Manor,  Travis  County. . 

Bell  County,  Waxie 

Bell  Countv,  Hammock, 

Waxahachie 

N^w  Braunfels 

Abilene 

Wichita 

El  Paso 

Do 

Fort  Bend 

Brazoria 

Do 

Do 

Kauiman  County 

Pecan  Gap 

Cherokee 

Ridge  soil 

Pine  Ridge 

Tyler  County 

Do 

Do 

Wichita  County 

College  Ciay 


Original 

sample 

No. 


2550 

2551 

Al 
A2 
A3 
A4 
B5 
B6 
B7 
C8 
C9 

2674 
2575 
2576 
2577 
2579 
2580 
2581 
2582 


127 
01 

119 
71 
48 
21 
22 


I 
II 


Potash 
(K«0). 


Percent. 
a  180 

.510 

.320 
.425 
305 
.505 
.400 
.476 
.480 
.530 
.460 

1.470 
.030 

L940 
.806 
.480 
.166 
.746 
.806 

.041 
.410 
.741 
.502 
.241 
.197 
.064 
.806 
.503 


.26 
.27 
.30 

L27 
.06 
.37 
.17 

L81 
.46 

L43 

.17 
.316 
.837 
.576 
.22 
L46 
.36 
.22 

11.37 
.426 
.52 
.43 
.46 
1.001 
.886 
.646 
.68 
.83 
.48 

Trace. 

Trace. 
.06 

Tnoe. 
1.14 
.426 
.80 


Phos- 
phoric 

add 
(PtOft). 


Percent. 
a  716 

.041 

.023 
.062 
.023 
.050 
.010 
.048 
.038 
.176 
.176 

.160 

.144 

.103 

.113 

.007 

.00 

.080 

.006 

.822 
.062 
.062 
.039 
.112 
L421 
.004 
.137 
.166 


.18 
.20 
.22 
.06 
.17 
.13 
.27 
.16 
.26 
.23 


.326 

.313 

.116 

.12 

.18 

.15 

.41 

Trace. 

Trace. 
.34 
.60 
.166 
.136 
.34 

Trace. 
.25 
.128 
.243 
.07 

Trace. 
.03 

Trace. 

Trace. 

Trace. 
.083 


Lime 
(CaO). 


Percent. 
0.967 

L387 

.350 
.440 
.350 
.564 
.753 
1.873 
.636 
.683 
.634 

1.166 
2.060 
.836 
.414 
.186 
.111 
.371 
.926 

L892 
.498 
.773 
.505 
.490 
.612 
.468 

L007 
.716 


1.44 

1.35 

1.05 

.75 

.63 

.63 

.83 

1.06 

L74 

1.82 

.65 

11.00 

6.62 

&81 

23.96 

L03 

5.17 

7.32 

4.04 

.74 

.57 

3.83 

2.74 

L66 

5.66 

.600 

6.30 

.814 

.565 

.16 

.00 

.44 

.00 

4.04 

.07 

.60 


Magnesia 
(MgO). 


Per  cent. 
a  267 

.771 

.389 
.501 
.274 
.641 
.565 
.868 
.642 
.793 
.746 

2.169 

L066 

2.547 

1.131 

.346 

.090 

.830 

1.934 

.205 
.084 
.060 
.031 
.334 
.420 
.439 
1.060 
.860 


2.06 
.73 
.80 
.56 
.67 
.44 

1.47 

.28 
.543 
.81 
.317 
.94 
.73 
.67 
1.31 
1.40 
Trace. 


Trace. 
.24 
.126 
1.86 
.73 
.46 
.32 
.126 

Trace. 

.00 

.08 

.08 

1.41 

Trace. 
.66 


a  Bui.  10.  Div.  of  Chemistry,  U.  S.  Dept.  Act.  (1886). 

b  Buls.  38  and  60,  Nebr.  Agr.  Expt.  Sta.,  (1894,  1899). 

cAnn.  Rep.  Wis.  Agr-  Expt.  Sta.,  1905. 

a  Buls.  25,  35,  43,  61. 82,  and  99,  Texas  Agr.  Expt.  Sta.;  Ann.  Rep.  Texas  Agr.  Expt.  ^ta.  1889! 

2318— Bull.  57—09 6 
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Chemical  compontion  of  the  9oiU  of  the  Untied  States — Continued. 


state  or  Territory. 


Texas— Continued. 
Alvin 


Harris  County. 
Hitchcock 


Mesa. . . . 
Beeville. 


Carson's  farm 
Huntsville. . . 
WIUIs 


Rfoe  soils. 


Harris  County 

Victoria  County 

Brazoria  County 

Brownsville 

Houston  County- 
Norfolk  sand 

Fine  sand 

Fine  tandj  loam 

Orangeburg  fine  sand 

Fine  sandy  loam 

Lufkin  fine  sand 

Clay 

Snsquehanna  fine  sandy  loam. 

Anderson  County- 
Norfolk  sand 

Fine  sand 

Fine  sandy  loam 

Orangeburg  fine  sandy  loam. . 

Clay 

Yazoo  clay 

Lamar  County— 

Orangeburg  sandy  loam 

Fine  sandy  loam 

SUt 

Clay 

Houston  black  clay 

Clay 

Sbarkcy  clay 

Lufkin  clay 

Sanders  loam 

Travis  County- 
Houston  black  clay 

Yazoo  sandy  loam 

Travis  gravelly  loam 

Lufkin  fine  sandy  loam 

Bexar  County- 
Norfolk  sand 

Sandy  loam 

Houston  black  loam 

Clay 

Orangeburg  fine  sand 

Clay 

Portsmouth  sandy  loam 

San  Antonio  day  loam 

Austin  fine  sandy  loam 


1 
2 
3 


1 
2 
8 
4 


1 

2 

3 

14 

16 

18 

1 

2 

3 

1 

4 

5 

7 

9 

11 

95 

96 

97 

137 

141 

206 


Phos- 

Potash 

phoric 

(K,0). 

acid 

(PsOj). 

Percent. 

Percent. 

0.003 

0.024 

.40 

.22 

.56 

.15 

.17 

.12 

.04 

.085 

.037 

.010 
.074 

.397 

.32 

.04 

Trace. 

.01 

Trace. 

.06 

.02 

.04 

.05 

.05 

.01 

.008 

.05 

.07 

.06 

.06 

.05 

.07 

Trace. 

.01 

.06 

.01 

.37 

.04 

.01 

.03 

.04 

.01 

.05 

.29 

.06 

.016 

.29 

.036 

.187 

.019 

.143 

.026 

.06 

.023 

.396 

.025 

.29 

.156 

.43 

.003 

.78 

.148 

L31 

.204 

.10 

.01 

.18 

.01 

.18 

.02 

.14 

.06 

.71 

.05 

.11 

.08 

.14 

.01 

.11 

.08 

.20 

.02 

.07 

.02 

.10 

.02 

.13 

.01 

.13 

.08 

.22 

.06 

.50 

.14 

.25 

.06 

.76 

.02 

.78 

.12 

.40 

.06 

.39 

.06 

.19 

.02 

.83 

.11 

.13 

.08 

.12 

.04 

.29 

.07 

.28 

.07 

.52 

.04 

.11 

.02 

.05 

.02 

.17 

.02 

.80 

.06 

.32 

.08 

.25 

.02 

.46 

.09 

.28 

.08 

.47 

.08 

.03 

.11 

Percent. 

0.968 

6.33 

8.17 

1.62 

.21 

.166 

.40 

.66 

3.56 

.76 

.67 

.60 

.17 

.08 

.04 

.00 

.07 

.18 

.18 

.20 

.16 

.16 

.04 

.06 

.24 

.65 

.53 

.24 

.09 

2.17 

.66 

L05 

1.88 

14.48 

.28 
.10 
.09 
.14 
.10 
.15 
.48 
.06 
.20 

.06 
.06 
.04 
.02 
.23 
3.14 

.12 
.06 

1.52 
.06 

1.05 
.35 

1.20 
.07 
.88 

5.66 

10.60 

1.47 

.01 

.04 

.05 

3.06 

L16 

.18 

.35 

8.40 

8.06 

23.64 


Ml 

<MgO). 


Percent. 
a464 
1.46 

2.01 


.  696 
Trace. 
.08 
.122 
1.06 
.47 
.41 
.13 
.00 
.05 
.08 
.06 
.18 
.18 
.14 
.27 
.18 
.28 
.00 
.18 
.18 
.50 
.70 
.26 
.16 
.88 
.27 
1.09 
1.91 
1.53 

.31 
.08 
.11 
.06 
.08 
.63 
.07 
.00 
.29 

.05 
.07 
.05 
.01 
.22 
.75 

.07 
.07 
.61 
.20 
.80 
.32 
1.25 
.11 
.25 

.66 

1.06 

.16 

.10 

.02 

.14 

.73 
1.83 

.01 

.35 

.37 
4.01 

.63 
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Cherrtical  composition  of  the  soils  of  the  United  iStote*— Continued. 


state  or  Teirltory. 

Original 

sample 

No. 

Potash 
(K,0). 

Phos 

phoric 

acid 

Lime 
(CaO). 

Magnesia 
(MgO). 

(PiO.). 

Texas—ContiDaed. 

Hays  County- 

Percent, 

Per  cent. 

Percent. 

PereenL 

Houston  loam 

0.29 
.20 

0.01 
.08 

0.37 
19.61 

0.23 

Black  clay 

.62 

Clay 

.04 

.00 

19.32 

.44 

Crawford  stony  clay 

.58 

.18 

12.40 

.30 

Silt  clay 

.78 

.10 

1.58 

.83 

Blanco  loam 

.05 
.34' 

.12 
.04 

34.91 
.70 

.91 

Susquehanna  fine  sf^ndy  loam 

.20 

Wabash  clay 

.41 

.16 
.12 
.29 
.36 
.07 
.10 

9.86 
3.53 
3.68 
3.79 
.10 
.06 

.96 

Rio  Qrande  Valley 

i' 

2 

3 

14727 

14728 

Trwoe. 

^^^P^^^          ^^V  ^P  W^HPv^^^r              V       ^IViW^i'^V        HVV       ■VVBV^*VW^^^^«v^^V«^VVVV*VB 

.15 

Trace. 

Arkansas  a 

aY 

.36 

.14 

.29 

14729 

.15 

.07 

.10 

.20 

14730 

.34 

Trace. 

.07 

.22 

15353 

15354 

6356 

6350 

.22 

.30 
1.07 
1.12 

.16 
.00 
.37 
.53 

.15 

.08 

1.49 

1.47 

Califomiao 

2."97 

3.30 

6831 

.00 

.06. 

.26 

.21 

7936 

.40 

.16 

4.46 

1.75 

8061 

8063 

10147 

1.81 

1.52 

.72 

.07 
.06 
.14 

1.36 

1.06 

.66 

i.oo 

3432 

.33 

.06 

1.20 

1.74 

• 

6621 

.92 

.26 

1.98 

1.80 

6035 

.11 

.08 

.67 

.90 

6330 

1.13 

.30 

1.29 

2.22 

6352 

1.84 

.23 

L34 

2.62 

124c 
240c 
241c 
17958 
17962 
17968 
17974 
17980 
7962 
7964 

.55 
.31 
.54 
.29 
.48 
.34 
1.20 
1.01 
.52 
.61 

2.82 
2.20 
L96 

1.18 

1.63 

1.73 

• 

.oe" 

.06 
.03 
.21 
.00 
.22 
.26 

i.'79' 

• 

, 

■*"i."92' 
1.61 
4.26 
6.49 

Colorado  o 

i.'is 

1.09 

723a 
17177 
17178 

.71 
.88 
.57 

.36 
.06 
.00 

1.13 
6.14 
1.52 

M  iaoellaneous 

.'60 

.19 

17180 

.89 

.13 

2.64 

.46 

17182 

.82 

.06 

4.06 

.20 

17184 

.80 

.11 

2.03 

.28 

17185 

.79 

.12 

2.23 

.21 

17186 

1.27 

.22 

2.10 

.23 

17190 

.68 

.22 

.63 

.48 

17193 

1.02 

.22 

2.74 

.62 

17195 

.72 

.11 

.80 

.13 

17196 

.61 

.15 

.40 

.62 

17197 

.81 

.22 

.54 

.19 

17198 

.89 

.36 

3.60 

.80 

17199 

.54 

.30 

6.00 

.36 

17201 

.56 

.24 

.45 

.40 

District  of  Columbia « 

6548 
726a 

.53 
.29 

.07 
.07 

.57 

.26 

.19 

.02 

727a 

.49 

.14 

.46 

.02 

728a 

.36 

.05 

.26 

.01 

Florida  « 

2822 
3965 
5284 

.04 
.03 
.20 

.93 

.24 
.03 
.10 

.07 

.16 

.02" 

.07 

6286 

.17 

.08 

.12 

.06 

5288 

.18 

.02 

.07 

.06 

5290 

.19 

.03 

.15 

.07 

5391 

.04 

.05 

.12 

.01 

6392 

.05 

.04 

.08 

.02 

5403 

.06 

.04 

.06 

.01 

5404 

.07 

.06 

.02 

.02 

5405 

.07 

.04 

.06 

.01 

5406 

.00 

.09 

.04 

.03 

5407 

.11 

.19 

.07 

.08 

5408 

.07 

.17 

.15 

.02 

5409 

.06 

.08 

.21 

.02 

5410 

.10 

.08 

.05 

.03 

5413 

.09 

.06 

.12 

.01 

5414 

.05 

.04 

.09 

.02 

9  Analyses  made  by  the  Bureau  of  Soils,  U.  S.  Dept.  of  Agr. 
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Chemical  composition  of  the  toils  of  the  United  Stales — Continued. 


State  or  Territory. 


Georglao. 
Kansas  a 


Kentucky  a. 


Ix>uisfanaa. 
Maryland  a. 


MInnesotaa. 


.  Mississippi  a. 
Nebraska  a.. 


New  Jersey  o. 
Nevadao 


North  Dakota  o.. 
Pennsylvania  a.. 

State  College 


South  Carolina  a. 
Texaso 


Original 

sample 

No. 

Potash 

Pbofl- 
phoric 

Lime 

MacQ^ 

(K,0). 

arid 

(CaO). 

(KgO). 

(PfOs). 

Percent. 

Percent. 

Per  cent. 

Per  end. 

fOfa 

a  16 

a  12 

0.16 

a  15 

6964 

.00 

.05 

.09 

.12 

1217aA 

.18 
.54 

.09 
.10 

Trace. 
2.84 

1217aB 

M 

l217aC 

.26 

.11 

Trace. 

.» 

1217aD 

.70 

.13 

3.23 

.62 

5299 

.53 

.11 

.17 

7565 

.28 

.03 

.05 

.08 

13715 

.39 

.05 

.24 

.« 

13716 

.31 

.05 

.24 

.43 

13717 

.23 

.05 

.29 

.37 

13718 

.26 

.04 

.23 

.41 

1050a 

1.06 

.25 

.23 

.51 

733 

.71 

.19 

.54 

734 

.76 

.18 

.66 

132 

.41 
.38 

.44 
.21 

.'® 

5460 

■« 

.34 

5459 

.01 

.11 

.11 

.1^ 

5456 

.44 

.10 

.11 

.47 

5455 

.89 

.06 

.15 

.40 

5454 

.86 

.00 

.14 

.14 

1099 

.46 
.15 

.20 
.04 

1.26 
.09 

749a 

864a 

.06 

.04 

.09 

"ffl 

15355 

.73 

.24 

6.45 

15356 

.63 

.17 

13.83 

15357 

.15 

.24 

^.22 

15858 

.15 

.15 

1.07 

15359 

.14 

.23 

1.03 

15360 

.17 

.13 

.60 

7935 

.31 

.24 

.83 

i.2 

17205 

.91 

.19 

2.35 

1.22 

17206 

.96 

.26 

1.95 

.£ 

17214 

•   .99 

.26 

3.07 

.65 

17221 

.54 

.29 

2.35 

.47 

2800 

.10 

.30 

.24 

.03 

6832 

.08 

.02 

.19 

.09 

1242a 

1.20 

.28 

.24 

5685 

1.09 

1.25 

1.27 

ia 

17990 

72 

.12 

1.45 

1.23 

17993 

.69 

.20 

1.81 

l.«0 

17996 

.99 

.17 

1.86 

1.42 

17909 

.66 

.20 

1.56 

1.31 

18002 

1.07 

.16 

1.78 

1.48 

18005 

.73 

.15 

1.70 

1.21 

18008 

.92 

.21 

1.80 

1.51 

6549 

.92 

.10 

.92 

1.3: 

r     IK 

.16 
17 

.08 
09 

11198 1    ;35 
1283a'     .46 

.12 

.31 

.'vM 

1266a'     .40 

.11 

.26 

.4: 

1268a     .47 

.11 

.23 

.46 

1270a     .42 

.12 

.25 

.41 

1273a'     .47 

.11 

.25 

.C 

1274a'     .40 

.01 

.25 

.6 

1276a 

.44 

.03 

.26 

.S5 

1278a 

.44 

.13 

.24 

.52 

1280a;     .26 

.11 

.33 

.44 

1282a     .35 

.16 

.34 

.43 

1284a'     .49 

.13 

.29 

.55 

1265a|     .43 

.11 

.25 

..» 

1267a     .38 

.11 

.23 

X 

1260a;     .41 

.12 

.24 

.(> 

1271a     .42 

.11 

.24 

..^'' 

1272a     .30 

.14 

.27 

.5ft 

1275a     .40 

.11 

.26 

.53 

1277a     .38 

.13 

.23 

.49 

1279a     .30 

.15 

.36 

.47 

1281a     .26 

.12 

.31 

..% 

3961 

.02 

.76 

.50 

.3& 

2165 

.13 

.02 

.07 

.»> 

2167 

.08 

.02 

.15 

.16 

«»»'{    :S 

.03 
.02 

.22 
.27 

.09 

790a     .82 

7.25 
2.67 

1.17 

12481     1.64 

.ii" 

12482 

I    1.20 

.10 

6.88 

a  Analyses  made  by  the  Bureau  of  Soils,  U.  8.  Dept.  of  Agr. 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


state  or  Territory. 


Virginia^. 


Washlngtona 

Wisconsin  « 

California:  fr 

Eldorado  County. . 

Stanislaus  County. 

Tulare  County 


Ventura  County 

Los  Angeles  County . 


Eldorado  County. 
Shasta  County . . . 
Modoc  County . . . 

Qlenn  County 

Yuba  County 


Humboldt  County . 
Mendocino  County , 

Lake  County 


Contra  Costa  County. 
Alameda  County 


San  Luis  Obispo  County . 

Ventura  County 

Riverside  County 

San  Diego  County 

Riverside  County 


San  Diego  County . 
Florida, c  Dade  County 


Lee  County. 


De  Soto  County. 
Brevard  County. 


Osceola  County. 
Polk  County... 


Hillsboro  County. 


Pasco  County . . 
Orange  County , 


Volusia  County , 


Marion  County , 


Original 

sample 

No. 

Potash 
(K«0). 

Percent. 

12&Sa 

L02 

4004 

.06 

6546 

.57 

708a 

1.51 

1638 

.55 

1901 

.98 

1900 

.49 

1908 

.97 

1904 

.87 

1910 

.84 

1820 

1.60 

1906 

.41 

1906 

1.18 

1907 

LOl 

2214 

.31 

2181 

.40 

2160* 

.41 

2291 

.23 

2403 

.42 

2405 

.42 

2319 

.61 

2243 

.95 

2453 

1.41 

2301 

.61 

2295 

.84 

2454 

.53 

1880 

1.17 

2430 

.33 

2061 

.67 

2273 

.49 

2234 

LOO 

1936 

.18 

2470 

.80 

2471 

L26 

2324 

.76 

2325 

.74 

Id 

.0965 

14 

.0043 

19 

.0178 

18 

Trace. 

1 

.0164 

25 

.0068 

26 

Trace. 

28 

.0125 

59 

.0024 

4 

.0212 

64 

.0072 

12 

.0066 

13 

.0111 

21 

.0612 

38 

Trace. 

40 

.0084 

X 

.0198 

47 

.0077 

49 

.0073 

51 

Trace. 

42 

.0038 

43 

Trace. 

44 

Trace. 

45 

.0028 

55 

Trace. 

57 

Trace. 

75 

.0028 

116 

.0023 

73 

.0048 

31 

Trace. 

60 

Trace. 

62 

.0193 

Y 

.0160 

6 

.0048 

8 
Z 

.0164 
.0206 

33 

.0149 

Phos- 
phoric 

and 
(P1O5). 


Percent. 

0.16 

.30 

.11 

.05 

.23 
.05 
.05 
.16 
.05 

.  .14 
.31 
.23 
.21 
.15 
.15 
.06 
.25 
.22 
.20 
.14 
.30 
.15 
.28 
.08 
.12 
.07 
.19 
.07 
.71 
.06 
.16 
.11 
.14 
.21 
.23 
.22 
.0240 
.0240 
.0256 
.0304 

2.5630 
.0208 
.0496 
.0112 
.0128 
.0160 
.0928 
.0336 
.0192 
.0544 
.0416 

Trace. 
.0333 
.0032 
.0090 
.0144 
.0064 
.2768 

2.4000 
.2112 
.0272 
.0240 
.3408 
.0880 
.1360 
.1328 
.0816 
.0272 
.1176 
.0112 
.0577 
.1660 
.2544 


Pel  cent. 
0.14 

.09 
Lll 

.37 

.52 

.61 
.44 
.79 
.73 
.74 

2.73 

LOS 

2.66 

2.49 
.38 

1.34 

3.65 

1.53 
.72 
.97 
.44 

1.40 

L09 

2.51 

2.34 

4.50 

L38 
.76 

2.11 
.35 

1.50 
.47 

2.69 

2.71 

4.35 

3.75 
.0250 
.1275 
.0725 
.5500 

6.6050 

Trace. 
.0725 
.0000 
.0700 
.0750 
.0000 
.2100 
.1075 

2.2325 
.0400 
.0000 
.1150 
.0225 
.0150 
.0600 
.0000 
.0125 
.1125 
.0175 
.0125 
.0000 
.2025 
.2650 
.0250 
.0275 
.0000 
.0000 
.0624 
.0500 
.0225 
.0526 
.1500 


Magnesia 
(MgO). 


Per  cent, 

"""o.'is" 

LOl 


.38 

.51 

.34 
1.22 

.64 
L27 
2.87 
2.04 
L79 
1.75 

.69 

.67 
2.55 

.42 
L45 
L83 
L76 
2.55 
2.35 
L37 

.50 
1.83 
2.68 

.76 
2.26 

L64 
.58 
.76 

2.20 

1.24 

L68 
.0090 
.0612 
.0351 
.0086 
.0290 
.0299 
.0198 
.0117 
.0261 
.1125 
.0369 
.0225 
.0099 
.0207 
.0090 
.0634 
.0197 
.0144 
.0252 
.0234 
.0090 
.0531 
.0990 
.0414 
.0261 
.0162 
.0693 
.0072 
.0406 
.0860 
.0270 
.0036 
.0175 
.0297 
.0279 
.0145 
.0196 


a  Analyses  made  by  the  Bureau  of  Soils,  U.  S.  Dept.  of  Agr. 
bAnn.  Rep.  Cal.  Agr.  Expt.  Sta.,  1805-1897, 1901-1903. 
e  Bute.  43  and  68,  Fla.  Agr.  Expt.  Sta.  (1897, 1903). 
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Chemical  composition  of  the  soils  of  the  United  States — Continued. 


State  or  Territory. 


Fftorida— Continued. 
Miami 

Boca  Raton 

West  Palm  Beacti 

Jensen 

Eldred 

St.  Petersburg 

Oneco 

PuntaOorda 

Orlando 

Key 

Idaho:  a 

Kootenai  County . 

Latah  County 

Shoshone  County. 
Nez  Perce  County 
Idaho  County 

Canyon  County... 
Bingham  County. 


Bear  Lake  County 

Cassia  County 

Ccsurd'Alene 

Nes  Perce  County. 
American  Ridge... 
Latah  County 

Lewiston 

Moscow 

Boise 


Louisiana:  b 

Calhoun 

Monroe 

Mississippi  :c 

Agricultural  College 


Original 

sample 

No. 


1296 
1298 
1300 
1302 
1304 
1306 
1308 
1310 
1312 
1314 
1316 
1318 
1320 
1322 
1380 
1382 
1384 
1386 
1388 
1390 
1411 

9 

20 

17 

19 

5 

31 

13 

14 

16 

1 

6 

7 

8 

21 

22 

23 

24 

25 

26 

27 

29 

30 

4 

6 

7 

9 

11 

12 

13 

14 

15 

16 

18 

20 

21 

22 

23 

1 
2 
3 

5 
7 
9 

48 
50 
49 
51 
52 
53 
54 
55 


PoUsh 
(K,0). 


Percent. 
0.0135 
.0170 
.0170 
.0097 
.0145 
.0140 
.0048 
.0007 
.0145 
.0061 
.0073 
.0061 
.0110 
.0134 
.0134 
.0134 
.0122 
.0170 
.0110 
.0158 
.2963 


.  dv 

.61 
.04 
.034 
.04 
.40 
1.92 


1.16 
1.22 
1.28 
.99 
1.04 
L44 
.72 
L12 
.72 
.775 
.695 
.440 
.467 
.450 
.684 
.673 
.557 
.526 
.563 
.677 
.789 
.806 
.450 
.572 

.023 
.029 
.011 
.008 
.060 
.023 

.125 
.153 
.122 
.126 
.303 
.104 
.127 
.132 


Phos- 
phoric 
acid 
(PfO»). 


Percent. 
a  0162 
.0075 
.0062 
.0087 
.0087 
.0087 
.0100 
.0067 
.0137 
.0120 
.0056 
.0067 
.0431 
.0106 
.0056 
.0556 
.0106 
.0187 
.0050 
.0250 

Trace. 
.45 
.49 

1.57 
.35 
.25 
.62 
.01 
.01 
.31 

1.20 
.09 
.19 

1.39 
.47 
.41 

1.16 
.21 
.31 
.19 
.05 
.94 
.183 
.137 
.188 
.205 
.188 
.157 
.131 
.206 
.148 
.192 
.176 
.237 
.184 
.141 
.143 


Lime 
(CaO). 


Mipesii 
MgOj. 


Percent. 

0.1740 
.1567 
.0312 
.01S7 
.0062 
.0087 
.0037 
.0062 
.0287 
.0000 
.0112 
.0067 
.0662 
.0137 
.0163 
.0312  1 
.0187  1 
.0650; 
.0475! 
.0350 

4.7250 

1.38 

.94 
2.80 

.13 

.78 
3.75 
1.49 
1.44 

.64 
2.70 

.69 
Tnoe. 

.65 

.07 
2.50 
2.15 
2.08 

.06 
1.43 
3.94 

.50 
5.92 
1.071 
1.870 

.533 

.432 

.507 

.557 

.722 

.767 

.872 

.939 

.999 
1.567 

.893 

.466 

.780 


.037 

.085 

.048 

.145 

.021 

.027 

.011 

.009 

.072 

.128 

.007 

.040 

.148 

.45 

.187 

.43 

.092 

.161 

.114 

.307 

.204 

.400 

.156 

.no 

.233 

.370 

.149 

.610 

Percttt. 
a  0176 
.022 
.Ol« 
.QOOD 
.0006 
.0000 
.0000 
.0062 
.01% 

.m 
.m 
.m 
.m 

.GOOD 

.m 

.035; 
.0163 
.0171 

.m 
.m 

I.57M 


1.16 
.51 
.19 
.72 
.91 

2.52 
.34 
.22 
.58 

1.60 
.57 
.3S 
.31 
.29 
.14 

1.25 

1.09 

.r 

3.15 
3.15 
1.24 

l.«7 
1.322 
1.2S0 

i.sr 

.906 

.997 

1.019 

.ae 

1.150 
.SS6 
.766 
1.090 
1.006 
.535 
.831 

.018 
.074 
.fOi 
.011 
.ISO 
.OK 

.S 

.55 
.12 
.47 
.68 
.DC' 
.47 

.ao 


aBuls.  9  and  28,  Idaho  Act.  Expt.  Sta.  (1894,  1901).  _ 

b  Special  Rep.  on  the  Geology  and  Agriculture  of  the  HlHs  of  La.,  Pt.  I.  La.  Agr.  Expt.  Sto.,  1892. 
cAnn.  Rep.  Miss.  Agr.  Expt.  Sta.,  1895  and  1898-99;  Bui.  65,  Miss.  Agr.  Expt.  Sta.  (1900). 
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Chemical  compontion  of  the  soiU  of  the  United  StaUe — Continued. 


state  or  Territory. 


MlflBissippI— Continued. 
Agricultural  College. 


Union  County. . 
Jackson  County . 


Chickaaaw  County . 
Covington  County. 


Noxubee  County 

Oktibbeha  County.. 
Tallahatchie  County 

Hinds  County 

Oktibbeha  County.. 

Holmes  County 

Crystal  Springs 

CofleeviUe 


Lowndes  County , 


Oktibbeha  County. 


YasooCity 

Como 

Elisabeth 

Oktibbeha  County 


Wilkinson  County 
Oktibbeha  County 

Jones  County , 

Kemper  County . . . 

Noxubee  County. . 


Original 
sample 
No. 

Potash 
(K«0). 

Phos- 
phoric 
acid 

Lime 
(CaO). 

Magnesia 
(MgO). 

(PsO»). 

Percent. 

Percent. 

Percent. 

PereenL 

56 

a  117 

0.182 

a440 

0.60 

57 

.007 

.185 

.64 

.56 

58 

.131 

.102 

.64 

.30 

60 

.150 

.147 

.83 

.70 

60 

.111 

.096 

.40 

.53 

61 

.145 

.181 

.63 

.40 

62 

.116 

.118 

.30 

.12 

162 

.12 

.06 

.14 

.10 

163 

.06 

.06 

.22 

.06 

606 

.31 

.069 

.86 

.061 

602 

.060 

».027 

.16 

.072 

604 

.056 

.015 

.23 

.064 

605 

.080 

.004 

.20 

.028 

888 

.10 

.26 

.27 

.22 

1522 

.09 

.184 

.302 

.318 

1523 

.08 

.100 

.280 

.126 

1524 

.18 

.24 

4.91 

.144 

1536 

.25 

.097 

.47 

.38 

1538 

.46 

.257 

.94 

.25 

1544 

.10 

.07 

.66 

.36 

1572 

.22 

.192 

L86 

.302 

1696 

.24 

.190 

.35 

.06 

928 
,      400 

.07 
.20 

.07 
.09 

.175 
.27 

.24 

401 

.18 

.09 

.22 

.26 

402 

.09 

.06 

.16 

.17 

408 

.17 

.08 

.19 

.26 

404 

.14 

.06 

.19 

.19 

421 

.365 

.127 

2.14 

.11 

75 

.143 

.27 

.88 

.023 

76 

.147 

.232 

.064 

.033 

260 

.55 

.16 

.34 

.20 

617 

620 

621 

622 

583 

504 

505 

507 

585 

1026 

833 

1013 

926 

928 

929 

931 

932 

933 

935 

937 

930 

940 

941 

942 

948 

944 

945 

946 

948 

949 

951 

1153 

1154 

1155 

1157 

581 

584 

586 

503 

622 

1106 

1107 

1108 

.300 

.280 

.360 

.210 

.380 

.200 

.420 

.165 

.460 

.166 

.337 

.206 

.076 

.465 

.185 

.263 

.442 

.148 

.201 

.218 

.478 

.463 

.426 

.400 

.600 

.509 

.574 

.450 

.360 

.372 

.246 

.358 

.387 

.283 

.268 

.39 

.92 

.210 

.177 

.21 

.491 

.470 

.423 

.144 

.093 

.262 

.108 

.247 

.108 

.229 

.147 

.300 

.033 

.079 

.024 

.110 

.156 

.072 

.058 

.188 

.084 

.090 

.085 

.189 

.121 

.121 

.263 

.302 

.821 

.296 

.106 

.046 

.105 

.079 

.111 

.140 

.093 

.123 

.096 

.57 

.115 

.14 

.106 

.328 

.143 

.274 

L88 
6.90 
L03 
.380 
.316 
.230 
.190 
.32 
.630 
.060 
.186 
.111 
.192 
L68 
.960 
.536 
.960 
.210 
.325 
.986 
.156 
.146 
L130 
L18 
1&67 
&24 
&16 
.946 
.990 
.486 
.326 
3.56 
3.71 
.816 
.360 
.11 
1.06 
.236 
.180 
.38 
2.60 
.266 
2.26 

1117 

.360 

.066 

.950 

1118 
1119 

.480 
.181 

.121 
.106 

12.52 
.117 
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Chemical  camjXknUon  of  the  BoiU  of  the  United  States — Continued. 


state  or  Tenitoiy. 


ICIasissi  ppl— ConttnuAd . 
Oktlbbeba  County.. 


Clay  County. 


Mooroe  County. 


Chickasaw  County. 


Lee  County. 


Pnotiss  County. 


Alcorn  County. 


Union  County. 


Pontotoc  County 

Alcorn  County.. 
Madison  County. 


Original 

sample 

No. 


1121 
1122 
nil 
1118 
1280 
1124 
1126 
1114 
1115 
1168 
1150 
1161 
1162 
1168 
1165 
1168 
1160 
1172 
1174 
1175 
1178 
1179 
1180 
1181 
1182 
1274 
1276 
1184 
1185 
1186 
1187 
1189 
1190 
1191 
1193 
1194 
1200 
1202 
1204 
1206 
1209 
1213 
1211 
1217 
1219 
1221 
1223 
1225 
1227 
1229 
1234 
1250 
1253 
1254 
1256 
1257 
1241 
1245 
1248 
1261 
1263 
1265 
1266 
1268 
1030 
1260 
1272 
1236 
625 
629 
633 
879 
881 
883 
884 
876 
886 


Potash 
(KiO). 


PerenU, 
a  152 
.150 
.215 
.305 
.276 
.464 

.in 

.  99o 
.262 
.831 
.103 
.395 
.369 
.302 
.258 
.502 
.364 
.401 
.208 
.370 
.305 
.198 
.258 
.402 
.135 
.189 
.262 
.385 
.340 
.321 
.216 
.297 
.395 
.157 
.402 
.260 
.200 
.250 
.096 
.179 
.129 
.086 
.220 
.098 
.103 
.102 
.321 
.226 
.273 
.105 
.088 
.089 
.359 
.122 


.565 

.147 

.185 

.157 

.276 

.187 

.170 

.203 

.258 

.190 

.336 

.333 

.178 

.215 

.20 

.170 

.250 

.257 

.396 

.180 

.326 

.225 


Phos- 
phoric 
acid 
(PiO»). 


Per  cent. 
a097 
.063 
.065 
.070 
.075 
.832 
.119 
.114 
.060 
.188 
.051 
.184 
.244 
.207 
.113 
.191 
.109 
.174 
.089 
.153 
.115 
.036 
.054 
.140 
.047 
.056 
.064 
.160 
.134 
.210 
.210 
.237 
.194 
.068 
.185 
.118 
.083 
.076 
.032 
.253 
.055 
.025 
.090 
.036 
.043 
.065 
.329 
.129 
.174 
.009 
.018 
.027 
.092 
.061 
.114 
.140 
.071 
.051 
.050 
.048 
.035 


.052 
.093 
.024 
.167 
.094 
.072 
.062 
.076 
.083 
.061 
.040 
.068 
.042 
.022 
.039 


Lime 
(CaO). 


Magnesii 
(MgOi. 


Per  cent.  I  Ptr  em. 

a  176 

.100 
.800 
1.06 
.960 
.260 
170 
1.20 
.800 
.940 
.650 
1.53 
1.24 
1.38 
.430 
1.82 
1.11 
6.26 
1.56 
.680 
1.06 
.615 
.880 
5.80 
.160 
.110 
.150 
1.20 
.815 
1.61 
3.27 
1.27 
1.47 
.235 
.940 
.470 
.500 
.340 
.053 
9.63 
.160 
.080 
.510 
.190 
.120 
.120 
11.03 
.810 
.340 
.070] 
.072  1 
.205' 
1.32 
.160! 
1.05 
.830 
.235 
.245 
.140 
.190 
.160 
.190 
.140 
.305 
.110 
.142 
.106 
.145 
.29 
.22 
.17 
.120 
.165 
.145 
.146 
.300 
.266 
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.    state  or  Territory. 

Original 

sample 

No. 

890 
892 
894 
895 
897 
898 
900 
902 
904 
905 
906 
958 
960 
961 
963 
965 
967 
969 
971 
973 
974 
975 
976 
977 
978 
979 
981 
983 
985 
988 
991 
994 
996 
997 
1000 
1001 
1003 
1007 
1008 
1021 
1023 
1025 
1026 
871 
873 
875 
834 
836 
838 
853 
855 
856 
848 
849 
8S0 
844 
846 
852 
954 
801 
803 
805 
807 
809 
810 
811 
813 
816 
818 
820 
822 
823 
824 
825 
826 
827 
828 
830 
831 

Potash 
(K,0). 

Phos- 
phoric 

acid 
(PsOft). 

Lime 
(CaO). 

Magnesia 
(MgO). 

Mlsslssippi-^^ntliiued. 

lieaWf*  Countv .                , ,   .      

Per  cent. 
0.281 
.160 
.165 
.093 
.190 
.229 
.160 
.105 
.246 
.177 
.197 
.363 
.276 
.222 
.298 
.408 
.436 
.170 
.180 
.311 
.212 
.223 
.293 
.335 
.333 
.323 
.426 
.322 
.373 
.304 
.183 
.241 
.262 
.303 
.43 
.26 
.253 
.360 
.252 
.125 
.17 
.242 
.166 
.168 
.182 
.277 
.170 
.247 
.163 
.270 
.210 
.309 
.190 
.202 
.150 
.189 
.165 
.130 
.563 
.203 
.223 
.297 
.190 
.170 
.286 
.263 
.173 
.300 
.196 
.233 
.200 
.277 
.253 
.251 
.262 
.128 
.134 
.190 
.264 

Per  cent. 
0.018 
.019 
.022 
.016 
.030 
.044 
.047 
.013 
.075 
.024 
.037 
.060 
.188 
.104 
.051 
.078 
.090 
.050 
.023 
.044 
.053 
.063 
.102 
.168 
.117 
.070 
.064 
.064 
.089 
.135 
.066 
.055 
.064 
.071 
.097 
.069 
.041 
.083 
.079 
.055 
.067 
.057 
.033 
.040 
.057 
.060 
.052 
.087 
.045 
.097 
.044 
.058 
.025 
.066 
.040 
.050 
.038 
.082 
.117 
.064 
.058 
.064 
.061 
.040 
.047 
.068 
.05 
.107 
.149 
.081 
.040 
.065 
.050 
.060 
.077 
.064 
.047 
.060 
.064 

Per  cent. 
0.110 
.110 
.025 
.05 
.115 
.210 
.130 
.050 
.160 
.050 
.105 
.120 
.135 
.160 
.100 
.110 
.120 
.125 
.015 
.065 
.140 
.145 
.170 
.260 
.130 
.190 
.170 
.125 
.185 
.120 
.190 
.140 
.220 
.165 
.050 
.150 
.300 
.225 
.275 
.095 
.175 
.125 
.08 
.190 
.210 
.105 
.075 
.165 
.080 
.235 
.10 
.20 
.095 
.285 
.135 
.205 
.170 
.085 
.360 
.15 
.075 
.175 
.175 
.140 
.145 
1.20 
.070 
.255 
.225 
.215 
.155 

Per  cent. 

Attala  County ,,..,- - 

• 

Choctaw  County 

Carroll  County 

Yalobusha  Countv 

Panola  Countv 

» 

• 

Tate  Countv       

« 

MarshAll  CJoiintv 

Amite  Countv 

Hinds  Countv 

Neshoba  County 

Scott  County 

Leake  County 

Scott  County 

'    Ne^oba  County 

Copiah.  County  '. 

• 

.120 

• 

.285 
.100 
.150 

.095 

.115 
.130 
.125 
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Btate  or  Territory. 

Original 

sample 

No. 

Potash 
(K«0). 

Phos- 
pboric 

acid 
(PiOft). 

Lime 
(CaO). 

Magnesia 
MgO). 

Mississippi— Continued . 

Jones  County 

832 
1010 
1012 
674 
913 
915 
917 
919 
911 
921 
923 
925 
858 
850 
861 
862 
864 
865 
867 
860 
209 
676 
677 
678 
679 
700 
701 
702 
703 
658 
650 

Percent. 
a  132 
.123 
.160 
.098 
.160 
.146 
.140 
.199 
.133 
.090 
.141 
.345 
.129 
.255 
.290 
.194 
.240 
.230 
.193 
.115 
.55 
.46 
6.87 
6.92 
.941 
.54 
.54 
.84 
.36 
.415 
.50 

Pereeni. 
a036 
.046 
.035 
.033 
.044 
.055 
.074 
.060 
.022 
.028 
.019 
.029 
.013 
.029 
.052 
.040 
.080 
.09/ 
.062 
.057 
.16 
.17 
.192 
.195 
.216 
.092 
.14 
.134 
.115 
.118 
.109 

Percent. 
a  125 
.20 
.15 
.18 
.155 
.160 
.068 

Percent. 

Harrison  County 

WiriAton  Country 

TTfinnp^r  County ... 

WlnstAn  Cniinty. .  - _    .    ,    _  . 

.130 
.100 

NMhnhA  County. . . . , 

.020 

iTATTipin'  County ... 

.070    . 

Scott  County 

.170    

.195 

"P^MiMn  County .  .  . 

.725    

.220    

.185 
.115 

.125 

.125 

.15 

.34 

.126 

.92 

.80 

.97 

.40 

.41 

.59 

.34 

.372 

.245 

W«j»Wmrton  County  _ 

Bollvftr  Conuty.      „ ." 

Coahoma  County ■ 

Jasper  County 

Alabama. — Four  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.149  to  0.903  per  cent, 
phosphoric  acid  0.017  to  0.15  per  cent,  lime  0.039  to  0.289  per  cent, 
and  magnesia  0.01  to  0.633  per  cent. 

Abizona. — ^Twenty-two  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.472  to  1.959  per 
cent,  for  phosphoric  acid  0.031  to  0.244  per  cent,  lime  0.579  to  8.67 
per  cent,  and  magnesia  0.66  to  3.086  per  cent. 

Arkansas. — Six  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.15  to  0.36  per  cent, 
phosphoric  acid  0.07  to  0.16  per  cent,  Ume  0.07  to  0.15  per  cent, 
and  magnesia  0.14  to  0.29  per  cent. 

California. — One  hundred  and  fifteen  samples  have  been  reported 
upon  from  this  State,  the  range  in  composition  being  for  potash  0.09 
to  1.84  per  cent,  phosphoric  acid  0.02  to  0.71  per  cent,  lime  0.113  to 
13.94  per  cent,  and  magnesia  0.16  to  16.97  per  cent. 

Colorado. — ^Twenty-nine  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.14  to  1.27  per 
cent,  for  phosphoric  acid  0.06  to  0.36  per  cent,  lime  0.40  to  6.00  per 
cent,  and  magnesia  0.13  to  1.61  per  cent. 

Connecticut. — Only  one  sample  has  been  reported  upon  from  this 
State,  containing  0.23  per  cent  potash,  0.22  per  cent  phosphoric  acid, 
0.32  per  cent  Ume,  and  0.78  per  cent  magnesia. 
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DisTBicT  OP  Columbia. — ^Four  samples  have  befia  reported  upon 
from  the  District  of  Columbia,  the  range  in  cor^position  being  for 
potash  0.29  to  0.53  per  cent,  phosphoric  acid  0.05  to  0.14  per  cent, 
Ume  0.26  to  0.57  per  cent,  and  magnesia  0.01  to  0.19  per  cent. 

Florida. — ^Eighty-eight  samples  have  b^n  reported  upon  from 
this  State,  the  range  in  composition  being  forVx>tash  0.0023  to  0.2963 
per  cent,  phosphoric  acid  0.0032  to  2.563  per  ctnt,  lime  0.0037  to  7.60 
per  cent,  and  magnesia  0.001  to  1.5758  per  cen  ^4 

Georgia. — ^Two  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.09  to  0.16  per  cent,  phos- 
phoric acid  0;05  to  0.12  per  cent,  lime  0.09  to  0.16  per  cent,  and 
magnesia  0.12  to  0.16  per  cent. 

Idaho. — ^Thirty-seven  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.034  to  1.92  per 
cent,  phosphoric  acid  0.01  to  1.57  per  cent,  Ume  0.06  to  5.92  per  cent, 
and  magnesia  0.03  to  3.15  per  cent. 

Illinois. — Five  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.156  to  0.580  per  cent, 
phosphoric  acid  0.066  to  0.185  per  cent,  lime  0.21  to  1.455  per  cent, 
and  magnesia  0.218  to  0.989  per  cent. 

Indiana. — ^Thirteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.181  to  0.68  per 
cent,  phosphoric  acid  0.041  to  1.01  per  cent,  lime  0.37  to  1.387  per 
cent,  and  magnesia  0.45  to  0.771  per  cent. 

Iowa. — ^Two  samples  have  been  reported  upon  from  this  State,  the 
range  in  composition  being  for  potash  0.337  to  0.365  per  cent,  phos- 
phoric acid  0.093  to  0.137  per  cent,  lime  0,790  to  1.185  per  cent,  and 
magnesia. 0.585  to  0.662  per  cent. 

Kansas. — Seven  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.18  to  0.766  per  cent, 
phosphoric  acid  0.089  to  0.13  per  cent,  lime  0.17  to  3.23  per  cent, 
and  magnesia  0.36  to  0.66  per  cent. 

Kentucky. — Ninety-two  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.09  to  1.06  per 
cent,  phosphoric  acid  0.015  to  1.755,  lime  0.05  to  1.725,  and  mag- 
nesia 0.08  to  0.52  per  cent. 

Louisiana. — ^Eighteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.008  to  1.94  per 
cent,  phosphoric  acid  0.007  to  0.193  per  cent,  Ume  0.009  to  2.06  per 
cent,  and  magnesia  0.011  to  2.547  per  cent. 

Maine. — Only  one  sample  has  been  reported  upon  from  this  State, 
containing  0.14  per  cent  potash,  and  0.17  per  cent  phosphoric  acid. 

Maryland. — ^Fourteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.08  to  0.91  per  cent, 
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phosphoric  acid  "^,04  to  0.50  per  cent,  lime  0.09  to  1.26  per  cent,  and 
magnesia  0.03  to  t^^9  per  cent. 

Massachusetts.—  Only  one  sample  has  been  reported  upon  from 
this  State,  containing  0.153  per  cent  potash,  0.144  per  cent  phos- 
phoric acid,  0.525  per  c«nt  lime,  and  0.558  per  cent  magnesia. 

Michigan. — Forty  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.118  to  2.12  per 
cent,  phosphoric  acfc^-  0.01  to  0.88  per  cent,  lime  0.20  to  6.09  per  cent, 
and  magnesia  0.12  to  1.59  per  cent. 

Minnesota. — One  hundred  and  sixty-six  sampled  have  been  re- 
ported upon  from  this  State,  the  range  in  composition  being  for  pot- 
ash 0.08  to  1.16  per  cent,  phosphoric  acid  0.04  to  2.61  per  cent,  lime 
0.11  to  14.0  per  cent,  and  magnesia  0.10  to  6.12  per  cent. 

Mississippi. — ^Two  hundred  and  seventy-six  samples  have  been 
reported  upon  from  this  State,  the  range  in  composition  being  for 
potash  0.05  to  6.92  per  cent,  phosphoric  acid  0.004  to  0.57  per  cent, 
lime  0.015  to  15.57  per  cent,  and  magnesia  0.023  to  1.22  per  cent. 

Missouri. — Eight  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.272  to  2.57  per  cent, 
phosphoric  acid  0.06  to  0.121  per  cent,  lime  0.405  to  0.630  per  cent, 
and  magnesia  0.21  to  0.55  per  cent. 

Montana. — ^Two  samples  have  been  reported  upon  from  this  State, 
the  range  in  composition  being  for  potash  0.731  to  0.747  percent, 
phosphoric  acid  0.176  to  0.185  per  cent,  Ume  0.87  to  0.97  per  cent, 
and  magnesia  0.907  to  1.105  per  cent. 

Nebraska. — Fifteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.041  to  0.99  per 
cent,  phosphoric  acid  0.02  to  1.421  per  cent,  lime  0.19  to  3.07  per  cent, 
and  magnesia  0.03  to  1.22  per  cent. 

Nevada. — Forty-eight  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.016  to  3.34  per 
cent,  phosphoric  acid  0.019  to  2.292  per  cent,  lime  0.80  to  17.831  per 
cent,  and  magnesia  0.17  to  8.404  per  cent. 

New  Hampshire. — Five  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.64  to  1.06  per 
cent,  phosphoric  acid  0.05  to  0.36  per  cent,  lime  0.63  to  0.77  per  cent, 
and  magnesia  0.53  to  0.74  per  cent. 

New  Jersey. — ^Two  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  1.09  to  1.20  per  cent, 
phosphoric  acid  0.28  to  1.25  per  cent,  and  lime  0.24  to  1.27  per  cent. 

New  York. — Sixteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.246  to  1.04  per 
cent,  phosphoric  acid  0.01  to  0.202  per  cent,  lime  0.125  to  1.873  per 
cent,  and  magnesia  0.274  to  1.94  per  cent. 
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North  Cabolina. — Two  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.02  to  0.161  per 
cent,  phosphoric  acid  0.016  to  0.02  per  cent,  lime  0.07  to  '0.24  per 
cent,  and  magnesia  0.02  to  0.047  per  cent. 

North  Dakota. — ^Twenty-five  samples  have  been  reported  upon 
from  this  State,  the  range  in  composition  being  for  potash  0:18  to 
0.96  per  cent,  phosphoric  acid  0.10  to  0.40  per  cent,  lime  0.32  to  14.67 
per  cent,  and  magnesia  0.07  to  1.37  per  cent. 

Ohio. — Fifty-seven  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.04  to  0.64  per  cent, 
phosphoric  acid  0.064  to  0.80  per  cent,  Ume  0.07  to  0.68  per  cent, 
and  magnesia  0.09  to  0.76  per  cent. 

Oklahoma. — ^Three  samples  have,  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.32  to  0.80  per  cent, 
phosphoric  acid  0.04  to  0.06  per  cent,  lime  0.44  to  0.95  per  cent,  and 
magnesia  0.16  to  0.21  per  cent. 

Oregon. — One  hundred  and  thirty-six  samples  have  been  reported 
upon  from  this  State,  the  range  in  composition  being  for  potash  0.02 
to  1.85  per  cent,  phosphoric  acid  0.01  to  2.30  per  cent,  lime  0.10  to 
14.36  per  cent,  and  magnesia  0.01  to  3.36  per  cent. 

Pennsylvania. — ^Twenty-four  samples  have  been  reported  upon 
from  this  State,  the  range  in  composition  being  for  potash  0.26  to  0.67 
per  cent,  phosphoric  acid  0.01  to  0.265,  lime  0.08  to  0.61,  and  mag- 
nesia 0.38  to  2.05  per  cent. 

Rhode  Island. — Seven  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.124  to  0.184  per 
cent,  phosphoric  acid  0.029  to  0.127  per  cent,  lime  0.252  to  1.295  per 
cent,  and  magnesia  0.209  to  1.141  per  cent. 

South  Carolina. — Eleven  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.02  to  0.541 
per  cent,  phosphoric  acid  0.011  to  0.76  per  cent,  lime  0.019  to  0.59 
per  cent,  and  magnesia  0.003  to  0.811  per  cent. 

South  Dakota. — Two  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.365  to  0.39  per  cent, 
phosphoric  acid  0.147  to  0.153  per  cent,  lime  0.665  to  0.710  per  cent, 
and  magnesia  0.585  to  0.628  per  cent. 

Tennessee. — One  hundred  and  forty-four  samples  have  been  re- 
ported upon  from  this  State,  the  range  in  composition  being  for 
potash  0.06  to  0.91  per  cent,  phosphoric  acid  0.01  to  1.70  per  cent, 
lime  0.02  to  2.25  per  cent,  and  magnesia  0.085  to  0.96  per  cent. 

Texas. — One  hundred  and  seventeen  samples  have  been  reported 
upon  from  this  State,  the  range  in  composition  being  for  potash 
0.01  to  11.37  per  cent,  phosphoric  acid  0.008  to  0:60  per  cent,  lime 
0.02  to  34.91  per  cent,  and  magnesia  0.01  to  4.01  per  cent. 
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Utah. — Fifty-five  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.046  to  2.69  per 
cent,  phosphoric  acid  0.103  to  0.42  per  cent,  Ume  0.37  to  22.54  per 
cent,  and  magnesia  0.07  to  2.52  per  cent. 

Virginia. — ^Two  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.06  to  1.02  per  cent, 
phosphoric  acid  0.16  to  0.30  per  cent,  and  lime  0.09  to  0.14  per  cent. 

Washington. — One  hundred  and  ninety-four  samples  have  been 
reported  upon  from  this  State,  the  range  in  composition  being  for 
potash  0.003  to  9.178  per  cent,  phosphoric  acid  0.019  to  0.543  per 
cent,  lime  0.005  to  36.009  per  cent,  and  magnesia  0.005  to  4.83  per 
cent. 

West  Virginia. — Fourteen  samples  have  been  reported  upon  from 
this  State,  the  range  in  composition  being  for  potash  0.243  to  0.888 
per  cent,  phosphoric  acid  0.088  to  0.211  per  cent,  and  lime  0.055  to 
0.451  per  cent. 

Wisconsin. — Thirteen  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.08  to  1.81  per  cent, 
phosphoric  acid  0.05  to  0.27  per  cent,  lime  0.37  to  1.82  per  cent,  and 
magnesia  0.412  to  2.08  per  cent. 

Wyoming. — Nine  samples  have  been  reported  upon  from  this 
State,  the  range  in  composition  being  for  potash  0.52  to  0.73  per  cent, 
phosphoric  acid  0.12  to  0.28  per  cent,  lime  0.64  to  6.63  per  cent,  and 
magnesia  0.14  to  3.21  per  cent. 

Chemical  composition  of  the  soils  of  Great  Britain  and  Ireland. 

ENGLAND. 


County. 

Deocription  and  locality. 

Original 

sample 

No. 

Potash 
(K,0). 

Phos- 

phortc 

acid 

Lime 
(CaO). 

1 

{MasMda 
f  (MgO), 

Percent. 

(P.O,). 

Percent. 

1 

1 

Percent. 

1  „ 
Percent. 

Dorset^ 

.\lluviuin 

38 
62 

0.46 
.22 

0.42 
.23 

3.84 
1.31 

0.48 

.11 

41 

.81 

.46 

1.09 

.26 

Gravel 

36 
37 

.22 
.33 

.32 
.28 

.71 
.64 

.45 

.27 

63 

.18 

.26 

.11 

.04 

64 

.17 

.20 

.10 

.06 

Baeshot  beds 

83 

.19 

.18 

.37 

.02 

^^^  ^pV^^K^ir  ^^  ^^    ^         ^^  ^f  ^^«  ^^    ^«       ^^^^WHttSVV*# 

30 

.13 

.25 

1.43 

.34 

40 

.18 

.20 

.80 

.17 

65 

.13 

.12 

.08 

.06 

London  clay 

80 

.23 

.32 

.37 

.12 

^^M^^  m  ^^^B  ^^  ^t^     v^  ^  ^^^^f              ■vwv«**a9*aaas 

12 

.22 

.47 

L38 

.31 

68 

.20 

.15 

.36 

.07 

Reading  beds 

81 

.27 

.33 

.66 

.27 

11 

.27 

.40 

1.57 

.68 

67 

.24 

.21 

.66 

.07 

61 

.06 

.11 

.33 

.02 

Junction  Reading  beds  and 

39 

.24 

.42 

L80 

.27 

chalk. 

Chalk 

15 

71 

.25 
.27 

.30 
.29 

41.00 
38.78 

.83 

.65 

09 

.19 

.78 

Sl.fi0 

.53 

95 

.29 

.47 

31.05 

.11 

a  Fifth  Annual  Report  on  the  Soils  of  Dorset,  University  College,  Reading,  1908.  In  the  original  paper 
the  results  are  expressed  as  lime  carbonate  and  lime  other  than  carbonate;  these  have  been  recalcolated 
to  give  CaO  content. 
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Chemical  compontion  of  the  soils  of  Great  Britain  and  Ireland — Continued. 

ENGLAND— Continued. 


County. 

Description  and  locality. 

Original 

sample 

No. 

Potash 

Phos- 

phoric 

acid 

Lime 
'  (CaO). 

Magnesia 
(MgO). 

(P»Oft). 

Per  cent. 

Percent. 

Per  cent. 

Per  cent. 

Dorset 

ChnlV 

51 
94 

0.20 
.22 

0.33 
.49 

31.90 
14.22 

0.27 

.15 

35 

.28 

.24 

5.69 

.71 

50 

.39 

.36 

35.60 

.27 

16 

.59 

.33 

33.40 

.71 

72 

.50 

.27 

9.48 

.43 

49 

.20 

.31 

2.09 

.19 

21 

.39 

.25 

1.71 

.39 

100 

.38 

.51 

1.38 

.47 

1 

1 

.17 

.44 

.88 

.41 

98 

.47 

.36 

.96 

.39 

96 

.42 

.31 

1.30 

.06 

97 

.57 

.26 

.34 

.28 

O  reeasan  d 

79 

.35 

.37 

.43 

.08 

47 

.81 

.60 

.92 

.46 

48 

.74 

.79 

7.12 

1.00 

2 

.40 

.23 

2.18 

.59 

Junction    greensand    and 

31 

.27 

.32 

1.55 

.27 

marlstone. 

25 

.29 

.28 

.85 

.68 

Wealdenbeds 

33 

.31 

.31 

1.01 

.41 

32 

.25 

.44 

1.36 

.34 

84 

.24 

.29 

.65 

.32 

60 

.36 

.28 

.96 

.11 

22 

.31 

.50 

.92 

.37 

Purbeck  beds 

27 

.34 

.29 

1.82 

.48 

Portland  stone 

66 

.46 

.43 

.51 

.07 

Kinuneridtre  clay 

3 

.30 

.15 

2.10 

.55 

A^kAAAAAAA^^A  B^A^^^^     ^^mm^w     ■••■     ■•••■■ 

20 

.4 

.6 

2.10 

.50 

42 

.47 

.89 

2.23 

.09 

85 

.61 

.38 

2.47 

.43 

86 

.81 

.24 

1.87 

.51 

87 

.95 

.34 

1.76 

.42 

88 

.92 

.50 

1.18 

.51 

Coral  rag 

19 

.38 

.31 

.67 

.96 

77 

.63 

.32 

6.34 

.54 

82 

.39 

.47 

10.53 

.53 

89 

.53 

.60 

18.75 

.60 

8 

.27 

.40 

,26.75 

.36 

57 

.68 

.35 

2.03 

-.69 

58 

.49 

.32 

12.09 

.20 

Calcareous  Krit 

9 

.25 

.31 

.80 

.03 

Oxford  clay 

73 

.79 

.38 

1.88 

.21 

^^  ^^kS^r^  ^^B      ^^^t^^^^w       ^^^^^^^^^^^™^^^     ^ 

34 

.21 

.38 

.81 

.55 

60 

.91 

.34 

2.04 

.47 

59 

.53 

.23 

.60 

.35 

52 

.73 

.33 

1.70 

.50 

53 

.49 

.32 

.59 

.25 

29 

.34 

.25 

.60 

.32 

4 

.46 

.45 

2.99 

.38 

Cornbrash 

10 
76 

.26 
.50 

.49 
.45 

3.16 
6.29 

.64 

^  '^VS    ^LM  pki^  a    ^f^HB'^V     V      S      V       ■      ^^^mm^^WWWWW^ 

.22 

28 

.23 

.29 

6.88 

.46 

Fuller's  earth 

18 
23 

.41 
.17 

.45 
.26 

.99 

.77 

1.06 

^■i      ^afc  m  M  ^fc^^      m^       ^iv^p^^^   ^^^  vvvvw^vvvvsvw^ 

.57 

56 

.66 

.27 

.91 

.35 

46 

.89 

.30 

1.09 

.53 

90 

.80 

.31 

4.50 

.82 

26 

.53 

.17 

8.28 

.Oi 

Inferior  oolite 

91 
13 

.52 
.50 

.64 
.37 

4.80 
U.64 

.93 

^■^i^^^k-^    S  ^r  ^         ^^^i^^^B^^i^     ^       ^      ^^^^^^^V^VVv 

.29 

Junction  inferior  oolite  and 

14 

.31 

.34 

2.44 

.60 

Midford  sands. 

Midford  sands 

55 
54 

.38 
.38 

.36 
.25 

.77 
.45 

.48 

Mn^k^^^^'^^^    ^^^       ^^^Z^^^^^tW^^    9      WW      vVH       ^     W      w     m     w     w     w 

.44 

45 

.44 

.38 

.58 

.41 

5 

.33 

.49 

.31 

.39 

92 

.26 

.60 

.42 

.29 

Junction  Midford  sands  and 

6' 

.21 

.31 

L34 

.41 

marlstone. 

43 

.57 

.32 

1.39 

.10 

Marlstone 

7 
70 

.36 
.30 

.49 
.63 

.59 
.65 

.38 

.02 

75 

.76 

.33 

.80 

.43 

78 

.58 

.47 

2.44 

.61 
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Chemical  composition  of  the  soils  of  Great  Britain  and  Ireland — Continued. 

ENG  LAND— Continued . 


County. 


Description  and  locality. 


Dorset 


.   Junction    marlstone 
lower  Lias. 

I  Ix)wc»r  Lias 


and 


Original 

sample 

No. 


24 


Essex  o. 


Cambridge  b. 


Lincolnshire  <^. 


Birch 

Bulvan 

Bumham.., 
Hedlnghain . 

Oosfleld 


Orsott 

Ramsdon , 

Roxwell 

Saffron  Walden. 


Tendring 

ThaxtfHl 

St.  Osyth 

Yoldham 

Ilatley  plot 

Joint  rotation 

Burgoyn's  (Univ.  form): 

Fields  11-13 

Fields  14-15 

Fields  16-17 

Fields  18-19 

Bowlder  clay: 

Above  rtault 

Above  Green  sand . . . 

Above  Oaull 

Above  Ori'y  chalk. . . 

Gault  soils 


Kimeridgi>  clay  soils . 


Ainpthill  clay  soils. 
Oxford  claj'  soils. . . 


lx)wer  grwn  sand  soils. 


Pi'aly  inattTT  from  the  fens.'. 
Ft'ri  soil 


Marsh  soil 

Farm  near  Crowland. 


44 

17 
74 
93 


3 
9 


14 

19 

20 

21 

3 

7 

8 

12 

15 

17 

6 

10 

11 

22 

5 

23 

18 

9 

6 


Potash 
(KtO.) 


Percent. 
0.27 


.32 
.65 
.51 
.38 
.33 
.17 
.53 

.14 

.12 
.15 
.79 
.34 
.41 
.48 
.20 
.18 
.16 
.52 
.85 
.64 

.625 
.550 
.58 
.575 

(MR 

.785 
.994 
.963 
1.14 
1.143 
1.13 
1.13 
1.00 
1.58 
.655 
1.06 
Ml 
L09 
.236 
.278 
.47 
.443 
.47 


I 

II 

III 

I 

II 

I 

II 

III 

IV 

V 

VI 


.42 
.43 
.28 
.16 
.20 
.08 
.07 
.06 
.11 
.08 
.09 


Phos- 
phoric 

acid 
(PfO*). 


Per  cent. 
0.29 

.35 
.40 
.51 
.53 
.10 
.10 
.18 
.16 

14 
.34 

08 
.22 
.20 
.11 
.10 
.09 
.16 
.13 
.09 
.15 
.39 
.22 


{    :^  } 


Lime     ' 
(CaO). 


Per  cent. 
0.72 

.95 

2.28 

L14 

.96 

.57 

.83 

L78 

LIS 

.63 

.36 

.92 

5.96 

3.85 

5.80 


I 


.063 
.139 
.22 
.091 

.14 

.113 

.107 

.102 

.14 

.127 

.097 

.147 

.098  I 

.096 

.118  ' 

.  145  I 

.138  ' 

.204 

.250 

.197 

.169 

.146 

.25 

.26 

.21 

.16 

.16 

.21 

.77 

1.02 

1.24 

1.20 
.68 

1.23 


(MgO). 


Per  cent. 
0.38 

.39 
.16 
.M 
.55 


7.75 

.29 

.85 

1.63 

L64 

.88 

.90 

2.20 

2.15 

.76 

.90 

3.95 

.285 

.78 

.28 

1.22 

.35 

1.325 

.<» 

3.87 

.29 

7.28 

.15 

4.74 

.2\h 

.425 

.134 

.515 

.IH 

2.425 

.loo 

.48 

.145 

.323 

.215 

.322 

.47 

.306 

.25 

.065 

.08 

.085 

.125 

.34 

-24 

.26 

.17 

.15 

.14 

2.23 

1.44 

-28 

1.50 

.34 

1.02 

.42 

2.16 

.40 

2.12 

.28 

1.20 

.30 

1.00 

-SO 

.87 

.13 

1.24 

.21 

1.09 

.39 

2.00 

.40 

a  Dvmond,  The  Ksse.x  Field  Kxp(*riments,  1896-1901 ,  Part  I.  Compiled  for  the  Essex  Tec-hnical  Instruc- 
tion Committw. 

Jour.  Ksw'X  Toch.  Laboratorios,  3,  163  (1897). 

D>Tnond  and  Bull,  the  Kssox  Field  Experiments,  1896-1903,  No.  2. 

Guide  to  K.\iK'riinonts  at  I'nlv.  Farm  and  other  Centers  In  the  Eastern  Counties,  Cambridge  rnivfTsity, 
1907. 

b  (Juldo  to  Experiments  at  University  Frfhn  and  other  Centers  in  the  Eastern  Counties,  Cambridge  Tnl- 
vorsity,  1907. 

Foroinan,  Journal  -\^cultural  Science,  2, 161  (1907). 

c  E.  W.  Bell,  rhrnilcal  N«'\vs,  (W,  191  (189.3),  used  IlCl  (S.  G.  1.16). 

R.  H.  Wilson,  Chemical  News,  70, 153  (1894). 
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Chemical  compogition  of  the  sails  of  Great  Britain  and  Ireland — Continued. 

ENGLAND— Continued. 


County. 


NorUiumberland  a , 


Northampton  6. 


Description  and  locality. 


Cockle  Park  (unmanured 

pk>t). 
Miniature  Farms 


Hanging  Leaves 

Castle  Steads 

Davy  Houses 

East  Tower  Hill 

Peepy 

Whitefleld 

Kimblesworth 

Cockle  Park: 

Tower  Hill 

Back  House 

Tree  Field 

Fallace  Leas  Field  plot. 


Original 

sample 

No. 


Cransley  plot. 


Isle  of  Ely  c. 


^  Black  soils: 

I         White  Fen  Benwick. 

Littleport  Fen 

Wryde 

'  Loam,  Wisbech  Fen 

Clays,  Wryde 


Silts,  Wryde... 
Silts,  Needham. 


Cheshire  d. 
Norfolk  «.. 


Suffolk/.. 
Durham  9 


Saxlingham 

Btanhoe 

Trowse  plot 

Bramford 

Saxmundham... 
Qranffe  Hill  plot. 
Shield  Ash  plot. 


9 

1 

2 

3 

4 

5 

6 

265 

267 

266 


355 


1 
2 
6 
8 
12 
13 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


116 

1 

11 


Potash 
KflO). 


Phos- 
phorio 

acid 
(P«0»). 


1 
2 
5 

7 
3 


Lime 
(CaO). 


Percent. 

Percent, 

•a283 

a  106 

.244 

.087 

.04 

.12 

.04 

.11 

.04 

.13 

.05 

.13 

.04 

.13 

.05 

.12 

.49 

.06 

.31 

.07 

.20   . 

.08 

.06 

.17 

f       .144 
[       .114 

\       .034 

.072 

.115 

.27 

.07 

.44 

.12 

.263 

.097 

.50 

.07 

.96 

.10 

.40 

.08 

.33 

.06 

.28 

.06 

.39 

.06 

.30 

.05 

.54 

.116 

.57 

.145 

.50 

.08 

.66 

.155 

.50 

.139 

.54 

.133 

.40 

.142 

.50 

.113 

.65 

.112 

.65 

.122 

.604 

.306 

.560 

.284 

.458 

.432 

.602 

.383 

.532 

.264 

1.276 

.374 

.392 

.224 

.281 

.245 

.288 

.192 

.30 

.10 

.41 

.30 

.09 

.082 

.112 

.057 

.13 

.16 

.19 

.18 

.71 

.248 

.07 

.13 

.35 

.09 

.47 

.13 

Per  cent. 
a306 

.265 


Magnesi 

(i5o). 


Percent. 


.43 
.25 
.27 


.48 

.45 
.33 

.79 

.286 

.69 

.44 

.44 

.39 

.37 

.55 

.42 

.60 

.67 

.53 

.62 

.45 

.58 

.79 

.45 

.84 

.76 

2.95 

4.39 

Z54 

a54 

.764 

1.48 

a  19 

1.58 

1.57 

.54 

.60 

.47 

1.39 

1.43 

2.18 

1.59 


.54 

.81 


a  27 


a  Somerville  Agricultural  Experiments,  5  years'  work  at  the  Northumberland  County  Demonstration 
Farm,  1902.  pp.  62  and  167. 

Gilchrist,  Bulletin  4,  Armstrong  College,  Newcastle  upon  Tyne. 

Ninth  Annual  Report  on  Expenments,  Counties  of  Cumberland.  Durham,  and  Northumberland,  1900. 

Gilchrist,  Bulletin  8.  County  Agricultural  Experiment  Station,  Newcastle  upon  Tyne. 

b  The  Improvement  of  Poor  Pastures,  Report  on  an  Experiment  at  Cransley,  Northamptonshire,  in 
seasons  1001, 1902,  and  1903,  Cambridge  university. 

c  First  Annual  Report  of  Experiments,  1807,  Cambridge,  and  Counties  Agricultural  Education  Scheme. 

Guide  to  E  x^^rarlments  at  University  Farm  and  other  Centers  in  the  Eastern  Counties,  Cambridge,  1907. 

d  Yearbook  College  of  Agriculture  and  Horticulture,  Holmes  Chapel,  Chesh  Ire,  1904. 

«  Guide  to  Experiments  at  University  Farm  and  other  centers  in  the  Eastern  Counties,  Cambridge 
University,  1907. 

/  Report  on  Experiments  at  Bramford  and  Saxmundham. 

0  Sixth  Annual  Report  on  Experiments  in  Counties  of  Cumberland,  Durham,  and  Northumberland,  1897. 

Tenth  Annual  Report  on  ExjMrlments  in  Counties  of  Ctunberland,  Durham,  and  Northumberland,  1901. 

2318 Bull.  57—09 7 


98 


CROP  YIELDS,   SOIL  COMPOSITION,  AND  PBODUCTIVITY. 


Chemical  composition  of  the  soils  of  Great  Britain  and  Ireland — ContiDued. 

ENGLAND-^^ontlnued. 


County. 

Description  and  locality. 

Original 

sample 

No. 

Potash 
(K«0). 

Phos- 
phoric 
acid. 
(PsO»). 

Lime 
(CaO). 

Magnesia 
iMgO). 

Cumberland  o 

Rose  Bank  plot 

497 

499 

601 

4 

5 

2 
3 
1 

Percent. 

037 

.33 

.30 

.26 

.16 

.03 
.19 
.17 

.38 

.300 
.31 

.  OCO 

.42 

.179 

.246 

.154 

.250 

.459 

.184 

.306 

L13 
1.44 

.345 
.478 
.459 
.432 
.59 

Percent. 

a06 

.06 

.06 

.17 

.145 

.040 

.12 

.37 

.34 

.258 

.30 

.254 

.46 

.466 

.908 

.370 

.402 

.134 

.255 

.223 

.119 
.111 

.143 
.101 
.094 
.192 
.126 
.244 
.151 
.194 
.180 
.177 
.217 
.109 
.132 
.136 

.133 

.253 

.064 

.048 

.038 

.12 

.16 

.131 

.199 

.132 

.065 
.003 
.061 
.066 
.053 
.078 
.097 
.116 

.18 

.193 

.166 

.163 

.138 

Percent. 

027 

.28 

.25 

.70 

.84 

.45 

5.40 

.80 

CaCOa 

4.17 

.195 
.165 
.125 
55.36 
12.21 
47. «) 
42.35 
49.97 
.60 
25.55 
4.17 

.35 
.224 

7.91 
1.96 
3.70 

18.1 

12.2 

31.4 

14.84 

33.4 

47.7 

28.6 

30.9 

14.2 
.44 
.90 

2.53 
.019 
.061 
2.42 
.20 
13.2 
.022 
1.76 
10.6 
.85 

.065 
.002 
.24 
2.4 
.057 
.08 
.073 
.19 

56.9 
39.0 
53.6 
6L4 
6.98 

Percent. 

Newlands  Manor,  Lyming - 

ton. 
West  Mark,  near  Petersfleld. 
Wick.  Farm: 

Headington,  I 

Hampshire  6 

a46 

Oxford  « 

.29 

Trace. 

Headington,  II 

Trace. 

Berkshire  <i 

Sutton 'ssecS  trial  grounds, 
Reading. 

Christchurch    Allotment 

Station,  Wanninster. 
Borehamroad,  Warminster. 

.10 

Wiltshire* 

-27 

.21 

.39 

-IS 

Heytesbury 

.13 

Codiord  allotment  soil 

Chitterne  allotment  soils ... 

TmbAr  fiUntment 

1 
2 

Corsley  nlot ' 

rifty  soil,  Warminst^^r 

York  warn  soil 

Kent/ 

London  ciay: 

Whitstable   

2-02 

Sheppey 

1.24 

Chalk  soils: 

Wye 

.193 

Minster.  Thanet 

.5^ 

8utton-by-Dover 

.69 

Meopham 

.63 

Wye  Court 

WyeS.E.  A.C 

Olantigh.  , 

Wye..". 

Chulng 

.623 
.64 
.479 
L07 

.809 
.901 
.739 

East  I^nham 

Charing 

Qault  soils: 

Brook 

.040 

Westwell 

.072 

Charing 

East  T/f^nb^MTx 

.837 

Brook 

.915 

East  T^p^am 

« 

1.01 
.64 
.515 

TTnthfiftld    ,                        ' 

Surrey  / 

London  clay: 

Wanborough  Station 

.329 

.35 

Asht^^ad  riOTTimnn        ,      1 

.76 
.36 
.478 

L12 

Wyke 

Flexford 



Stoughton 

Wanlboroueh 

.493 

.67 

.45 

.236 
.298 

Ravnes  Park 



Horsley 



Chalk  soils: 

Seale 

.40 

Fetcham i -  - 

2. 81 

- 

Piit.tpnhAm .    .  , 

Wanborough 

I 

Sutton 

.365 

o  TenthAnnualReporton  Experiments  in  Cumberland,  Durham,  and  Northumberland. 
b  Gilchrist  and  Foulkes,  Suppl.  I,  Jour.  Extension  College,  Reading,  1896. 
c  Gilchrist  and  Foulkes,  Suppl.  I.  Jour.  Extension  College,  Reading,  1896. 
d  Gilchrist  and  Foulkes,  Suppl.  I,  Jour.  Extension  College,  Reading,  1896. 

<  Report  on  Experiments,  Vvilts  County  Council  Technical  Education  Committee,  1802, 1883, 1805. 
/  Ilall  and  Plymen.    South-Eastem  A^icultural  Collie,  Wye,  First  Report  on  Chemical  and  Physkal 
Study  of  the  Soils  of  Kent  and  Surrey,  1902. 
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Chemical  composition  of  the  soils  o/ Great  Britain  and  Jr^/aTuf-— Cod tinued. 

ENQLAN  D-CoDtlnued. 


CoUDty. 


Surrey. 


D«0crlpt!oii  and  locality. 


Gaalt  soils.  Alder  Holt. 


Original 

sample 

No. 


Potash 
(K,0). 


Per  cent. 
0.968 


Phos- 
phoric 
acid 
(P«0»). 


.394 


Per  cent. 
0.092 
.151 
.074 
.0695 


Lime 
(CaO). 


Per  cent. 

0.040 

.025 

.089 

.024 


Magnesia 
(MgO). 


Percent. 
0.009 


WALEB.a 

Oarden  soli 

0.143 

0.306 

CaO. 
1.40 

0.671 

SCOTLAND.* 

Cleghorn.  Dear  Lanark: 

Plotl 

Plot  2 


Drum  fork,  Helensburgh.... 

Eastert>oard.  Croy 

Birgldale Knock.  Rothesay. 

Tarves 

WesterFiiitray  .Kintore! '. '. 

Fedderate,  Maud 

TuUoch.  Lumphanan 

Fasque,  Fettercairn 


a  187 
.116 


.237 
.213 
.928 
.639 
.244 
.247 
.279 
.463 


0.104 
.126 


.45 

.128 

.244 

.481 

.283 

.367 

.113 

.214 


CaCOi. 

0.44 

.32 

CaO. 
0.168 
.403 
.638 
.594 
.503 
.568 
.826 
.759 


IRELAND.* 


Cork 

Wexlbrd . 

Tlpperary 


LI  mestone  soils.  Shanagan  y . 
Old  red  sandstone.  Kilfeagh 
Silurian  clay  slate  soils: 

Bally-Camey 

Clonroche 

Limestone  soils: 

Rockibrd 

St.  Eieran's 


0.464 
.547 

.720 

.846 
.943 


a  148 
.156 

.156 
.167 

.16 
.13 


3.938 
.201 

.268 
.301 

1.568 
L266 


a  Annual  Report  Field  Experiments,  Unlversitv  College  of  Wales,  Aberystwyth,  1899. 
bRepoits  on  Experiments.  1893,  (ilasgow  and  west  of  Scotland  Technical  College. 
Reports  on  Experiments,  1895,  Glasgow  and  West  of  Scotland  Technical  Collie. 
Reports  on  Experiments,  1903  and  1904,  Aberdeen  and  North  of  Scotland  College  of  Agriculture. 
cH.  C.  Sherlngbam.    Irish  Agricultural  Organisation  Society.    Ist  Annual  Report  of  Field  Experi- 
ments in  Counties  of  Wexford,  Cork,  Tlpperary,  Mayo,  Meath,  King's  County  and  Queen's  County,  1899. 

England. — Two  hundred  and  sixty-nine  samples  were  reported 
upon  from  England,  the  range  in  composition  being  for  potash  0.03 
to  1.58  per  cent,  phosphoric  acid  0.034  to  1.24  per  cent,  lime  0.002 
to  61.4  per  cent,  and  magnesia  0.009  to  2.81  per  cent. 

Wales. — Only  one  sample  has  been  reported  upon  from  Wales 
having  0.142  per  cent  potash,  0.306  per  cent  phosphoric  acid,  1.4 
per  cent  lime,  and  0.671  per  cent  magnesia. 

Scotland. — Ten  samples  were  reported  upon  from  Scotland  the 
range  in  composition  being  for  potash  0.116  to  0.928  per  cent,  phos- 
phoric acid  0.104  to  0.481  per  cent,  and  lime  0.168  to  0.826  per  cent. 

Ireland. — Six  samples  were  reported  upon  from  Ireland,  the  range 
in  composition  being  for  potash  0.384  to  0.943  per  cent,  phosphoric 
acid  0.13  to  0.167  per  cent,  and  lime  0.201  to  3.938  per  cent. 
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Chemical  comporition  of  the  soils  of  F^rance, 


AISNE.a 


Description  and  locality. 


LAON. 


Semilly. 


Chambry. 


Bucy-les*Cemy. 


Cr^.py«en-Laonnols 


Vorges. 


Presles 

Mootbtoiult. 


Chevr^ny. 


Urcel. 


Quincy- Basse. 
Landricourt.. 


Jumencourt. 
Folembray . , 


Leuilly-sous.  Coucy. 
Cr^y-au-MoDt 


Original 

sample 

No. 

Potash 
(KfO). 

Phosphorio 

acid 

(PiO.). 

Percent. 

Per  cent. 

.1 

0.36 

0.09 

4 

.60 

.11 

« 

.22 

.07 

1 

.29 

.18 

3 

.21 

.00 

6 

.27 

.13 

7 

.28 

.  14 

8 

.08 

.03 

10 

.28 

.06 

1 

.44 

.16 

3 

.41 

.07 

5 

.44 

.09 

1 

.28 

.06 

3 

.29 

.06 

7 

.22 

.07 

9 

.16 

.06 

11 

.24 

.08 

14 

.25 

.10 

16 

.19 

.12 

17 

.27 

.10 

1 

.20 

.24 

3 

.20 

.08 

5 

.22 

.08 

7 

.33 

.10 

8 

.06 

.06 

9 

.48 

.06 

1 

.38 

.06 

3 

.12 

.04 

5 

.30 

.05 

1 

.37 

.08 

3 

.20 

.06 

5 

.47 

.10 

8 

.07 

.04 

11 

.42 

.11 

13 

.32 

.05 

15 

.29 

.08 

1 

.16 

.02 

3 

.47 

.07 

5 

.16 

.08 

7 

.28 

.07 

8 

.26 

.03 

9 

.21 

.07 

11 

.52 

.03 

13 

.70 

.26 

15 

.71 

.10 

1 

.10 

.03 

•3 

.22 

.00 

•e 

.25 

.05 

7 

.30 

.00 

9 

.12 

.04 

1 

.10 

.08 

3 

.26 

.07 

6i 

.16 

.08 

1 

.12 

.06 

3 

.19 

.06 

6 

.30 

.08 

8 

.30 

.08 

10 

.39 

.10 

1 

.18 

.08 

2 

.57 

.08 

J 

.18 

.08 

1 

.25 

.08 

1              3 

.12 

.04 

5 

.22 

.08 

7 

.15 

.03 

8 

.11 

.04 

10 

.15 

.05 

1 

.22 

.09 

3 

.24 

.10 

4 

.26 

.06 

7 

.23 

.05 

1 

.23 

.12 

3 

.27 

-07 

5 

.29 

-U 

7 

.25 

.08 

,? 

•IS 

.06 

11 

.47 

.09 

Lime        Magnesium 
(OaCO,).        (MgOj. 


a  Bui.  Sta.  Agnm.  IMp.  de  I'Alsne,  1802, 1883«  1884. 


Per  cent. 

11.22 

5.07 

.52 

.    5.44 

7.45 

34.12 

1&55 

.92 

.86 

1.76 

3.36 

6.32 

.96 

2.83 

34.53 

.60 

.32 

2.40 

7.64 

58.00 

5.56 

1.04 

.60 

1.98 

59.50 

9.36 

3.71 

3.52 

.15 

64.75 

2.43 

1.10 

.18 

10.40 

4.69 

.71 

.64 

2.24 

.64 

.96 

29  20 

7.80 

.76 

7.06 

37.00 

.09 

4.64 

.17 

1.12 

31.31 

1.08 

2.68 

.88 

.06 

.60 

.48 

.92 

1.72 

9.20 

.76 

39.70 

1.60 

.06  I 

2.93 

.32 

1.70 

.50 

1.76 

2.00 

.52 

.37 

4.94 

.28 

.68 

.64 

51.20 

7.96 


Ptremt. 

0.007 
.003 
.004 
.004 
.01 
.01 
.0D4 
.01^ 
.006 
.01 
.003 
.01 
.06 
.02 
.01 
.01 
.005 
.01 
.01 
.01 
.01 

.(/& 

.01 

.004 

.01 

.01 

.03 

.005 

.003 

.02 

.01 

.06 

.005 

.16 

.006 

.04 

.08 

.02 

.01 

.01 

-01 

.004 

.01 

.02 

.01 

.IS 

.OB 
.013 
.OOla 
.OK 
.OS 
.ffi 
.01 
.0»S 
.02 
.01 
.02 
.OOt 
.27 
.01 
.01 
02 
.OS 
003 
.0! 
.01 
.006 
.0^ 
.W 
.CG3 
.01 
.01 
.02 
.S 
.01 
.01 
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Chemical  composition  of  the  soils  of  France — Continued. 

AlfiNB^Continaed. 


Description  and  locality. 

Original 

sample 

No. 

PotASh 
(K,0). 

Phosphoric 

acid 

(PtO»). 

Lime 
(CaCO,). 

llagnesluni 

LAON— continued. 

Per  cent. 

Percent. 

Percent. 

Percent. 

Cr^y-au-Mout ". 

13 

aso 

0.0(7 

a72 

0.012 

w 

15 

.15 

.04 

2.39 

.01 

Poiit>Salnt-Mard 

1 
8 

.18 
.25 

.06 
.06 

.24 
.62 

.006 

.006 

5 

.26 

.08 

32.30 

.03 

7 

.30 

.08 

.17 

.006 

0 

.26 

.06 

.84 

.006 

Vaudesson 

3 
5 

.17 
.21 

.06 
.06 

.72 
17.08 

.02 

.01 

0 

.38 

.10 

.18 

.02 

8 

.19 

.06 

.41 

.01 

10 

.33 

.06 

.18 

.004 

12 

.25 

.06 

LOO 

.47 

CouvTBlles. 

1 
5 

.65 
.40 

.13 
.06 

2.12 
.16 

.006 

.006 

7 

.27 

.06 

.40 

.006 

0 

.39 

.03 

a23 

.005 

11 

.26 

.04 

.16 

.02 

13 

.38 

.09 

.79 

.07 

15 

.31 

.09 

.86 

.06 

Mercin 

1 
3 

.20 
.22 

.09 
.11 

.72 
.73 

.01 

.01 

7 

.28 

.06 

LOO 

.01 

9 

.23 

.04 

.36 

.004 

11 

.22 

.04 

3.14 

.04 

13 

.08 

.13 

.65 

.01 

Amifontaine 

1 
3 

.24 
.23 

.24 
.10 

7.08 
13.21 

.004 

^    ^^B^p^^^  ^^^  ^BiV  ^^H^^*^*^  ^^  VVvVVVVWVVBBVVVVVVwVVVVVBVWVVVVB* 

.005 

4 

.13 

.09 

10.60 

.007 

5 

.39 

.19 

33.92 

.006 

6 

.15 

.19 

10.48 

.005 

7 

.    .46 

.13 

33.70 

.006 

8 

.18 

.06 

9.34 

.01 

10 

.29 

.16 

63.80 

.007 

11 

.26 

.09 

14.40 

.007 

1 
2 

.23 
.14 

.09 
.07 

13.12 
L34 

.005 

^v    «i9    «    ^  ^^  ^^^1^  ^^B  ^^^     ^     ^^^v^^^^^^^^Bv^^av^^v^^^^^v^^^^^ 

.01 

4 

.28 

.11 

35.50 

.12 

Berry-au-Bac 

1 
2 

.87 
.32 

.16 
.21 

49.20 
25.00 

.03 

.08 

4 

.30 

.12 

23.60 

.04 

Gomicourt 

1 
2 

.29 
.09 

.10 
.02 

4.82 
.68 

.01 

^  ^   ^      V   a  ■  ■  ^^  ^^  ^^^^     ^^     ^      ^      ^     ^^^     ^     ■      m     ^     v^^^     ■■vvvwsvv^^^^vvvv^^ 

.005 

4 

.32 

.16 

9.90 

.006 

6 

.27 

.27 

30.70 

.06 

. 

7 

.17 

.07 

75.90 

.01 

(  lormont-les-Fermes 

1 
3 

.25 
.37 

.10 
.17 

.57 
6.00 

.02 

.01 

5 

.20 

.11 

L28 

.003 

7 

.30 

.12 

2.19 

.008 

9 

.31 

.06 

.98 

.002 

11 

.35 

.10 

.45 

.003 

13 

.25 

.08 

.36 

.04 

15 

.21 

.08 

.16 

.006 

17 

.43 

.10 

3.80 

.004 

Mlssv-les-Pierrepont 

1 

.19 

.06 

.29 

.006 

^B  ^    #  %^^^     W            ■  ^b^^i^          ^         »  "  '  w    ^    ^i^  M^  ^^  ^  ^  ^  ^^v      ^^BV^^^V^^V^^^^VVVSVVW 

3 

.27 

.15 

2.24 

.008 

4 

.40 

.07 

2.66 

.07 

6 

.29 

.06 

.38 

.03 

8 

.28 

.09 

.70 

.02 

f » randluD 

1 

.35 

.13 

30.94 

.01 

^    »   p  %VBSXAA«A  B^   •••     •     ■•■•••^•■■■■■■■■•••••■■•B*«aMa* 

2 

.21 

.08 

22.20 

.01 

3 

.24 

.06 

.28 

.01 

5 

.40 

.14 

1.63 

.01 

7 

.38 

.14 

3.08 

.01 

8 

.15 

.09 

L68 

.01 

Fri^res-Fuillouel 

1 
3 

.19 
.29 

.08 
.09 

L70 
5.16 

.006 

^      mm  ^^  s  ^.^wr       4P'     M^w  m  ^^  ^^  ^■■^k^s  m     v     V     vh^vvvv^vv     v^^wVwsvvv9vv^# 

.01 

5 

.30 

.07 

.38 

.10 

9 

.35 

.09 

5.46 

.005 

10 

.33 

.07 

2.32 

.01 

Lies 

1 

.25 

.11 

3.06 

.005 

4 

.32 

.07 

5.24 

.01 

6 

.22 

.08 

3.18 

.004 

8 

.27 

.12 

39.50 

.01 

10 

.20 

.11 

1.05 

.005 

12 

.      .18 

.20 

.36 

.01 

14 

.24 

.08 

L33 

.01 
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Chemical  composition  of  the  soils  of  France — Continued . 

AISNE^Continued. 


Description  and  k>eaUty. 


LAON— continued. 


Channos. 


Ro^teourt. 


Fressanoourt. 


Fauoousy. 


Ch^VTBsls-Monoeau . 


Gnigiea. 


Cr^zancy. 
^pieds. . 


Toncy. 


PouUIy-sur-Serre 


Nouvion-et-CatUlon 


Mesbrecourt-Richecourt . 


La  Fert^^'hevresls. 


Original 

sample 

No. 


1 

3 

6 

7 

9 

12 

1 

3 

5 

8 

9 

1 

3 

6 

7 

1 

4 

5 

6 

8 

10 

12 

14 

1 

3 

5 

7 

9 

1 

4 

6 

8 

9 

1 

5 

7 

II 

1 

3 

6 

9 

11 

13 

1 

3 

5 

7 

9 

11 

1 

3 

6 

7 

9 

10 

13 

1 

3 

5 

6 

8 

10 

12 

13 

15 

1 

3 

5 

7 

9 

10 

12 

14 

16 

1 

3 

5 


Potash 


PneetU. 
0.47 
.26 
.58 
.15 
.27 
.85 
.28 
.13 
.24 
.28 
.23 
.28 
.29 
.26 
.28 
.31 
.37 
.32 
.34 
.80 
.22 
.61 
.35 
.28 
.22 
.08 
.25 
.06 
.34 
.35 
.45 
.27 
.24 
.20 
.29 
.47 
.33 
.21 
.26 
.27 
.48 
.21 
.19 
.19 
.09 
.18 
.26 
.20 
.35 
.23 
.35 
.25 
.32 
.30 
.30 
.65 
.33 
.39 
.43 
.42 
.30 

.37 
.35 
.24 
.35 
.37 
.58 
.32 
.26 
.46 
.44 
.51 
.27 
.34 
.46 
.38 


Phosplioric 

acid 

(P.O»). 


Per  cent, 
0. 11 
.07 
.13 
.09 
.00 
.12 
.lO 
.08 
.08 
.OO 
.04 
.06 
.08 
.lO 
.10 
.10 
.15 
.20 
.00 
.18 
.11 
7.14 
6.87 
.10 
.10 
■  05 
.10 
.10 
.08 
.14 
.06 
.04 
.08 
.06 
.03 
.10 
.00 
.07 
.06 
.06 
.07 
.06 
.05 
.05 
.04 
■    .06 
.06 
.05 
•  05 
.15 
.04 
.04 
.04 
.23 
.06 
.06 
.03 
.10 
.05 
.11 
08 
.09 
.07 
07 
.12 
U 
14 
.08 
-13 
-U 
05 
•U 
10 
12 
08 
11 
13 


Lime 
(CaCOO. 


I*ereeni. 
0.58 
2.62 
5.28 
1.56 
1.60 
7.04 
3.08 
2.03 
3.14 
1.13 
3.68 
.52 
1.96 
2.32 
5.84 
4.50 
3.40 
65.50 
.72 
28.80 
2.40 
19.70 
62.00 
5.10 
33.88 
35.08 
15.65 
48.30 
.25 
4.76 
8.22 
41.44 
.46 
34.20 
.54 
o.  2o 
10.20 
1.15 
.28 
.78 
16.98 
.68 
1.50 
.08 
1.28 
8.91 
3.30 
.61 
.98 
2.19 

.45 

5.24 

.34 

8.00 

33.93 

3.25 

.80 

.60 

L70 

1.42 

.48 

.70 

1.28 

53.20 

4-20 

38 

1.18 

«.00 

1.30 

1.24 

.39 
1.18 
2.58 
1.16 

.74 


nam 
(MgO). 


Percent. 

O.0(B 
.02 
.OM 
.004 
.01 
.01 
.03 
.07 
.01 

.a»; 

.02 

.02 

.03 

.008 

.003 

.04 

.05 

.003 

.04 

.ON 

.OS 

.m 

.01 
.01 

.oos 

.01 

.CM 

.OM 

.01 

.01 

.006 

.005 

.006 

.03 

.01 

.02 

.01 

.006 

.01 

.0? 

-01 

.03 

.02 

.0» 

.00ft 

.04  I 

.03 

.01 

.03 

.ON 

.008 

.006 

.005 

.OM 

.006 

.OQS 

.006 

.00 

.01 

.006 

.OOS 

.V& 

.01 

.01 

.006 

.006 

.oos 

.01 

.01 

.01 

.006 

.01 

.01 

.006 

.01 

.01 

.01 
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Chemical  composition  of  the  soiU  of  .FVoncc— Continued. 

AI8NE— Continued. 


Description  and  locality. 

Original 

sample 

No. 

Potash 
,(K,0). 

Phosphoric 

acid 

(PiO»). 

Lime 
(CaCOi). 

Magnesium 
(figO). 

LAON— continued . 

• 

Per  cent. 

Per  cent. 

Per  cent. 

Percent, 

La  Fert^Cbev  resls 

7 
8 

0.30 
.37 

0.11 
.19 

28.44 
45.16 

0.004 

.01 

0 

.31 

.12 

1.95 

.005 

11 

.60 

.16 

.67 

.006 

13 

.32 

.11 

9.98 

.01 

Val^court 

1 
2 

.33 
.57 

.20 
.06 

56.45 
2.60 

.005 

.006 

5 

.  99 

.07 

3.94 

.01 

7 

.37 

.10 

.66 

.01 

10 

.32 

.08 

36.80 

.01 

« 

11 

.37 

.09 

L24 

.01 

Pargny-les-Bois 

1 

.32 

.04 

.30 

.01 

a 

.13 

.13 

62.00 

.01 

^ 

6 

.42 

.10 

L06 

.01 

Bol»>le»>Pargny 

1 

.33 

.Oft 

.28 

.05 

3 

.48 

.08 

.84 

.004 

5 

.21 

.09 

.38 

.01 

7 

.34 

.07 

.64 

.01 

Erion  ....M 

1 
3 

.14 

.29 

.08 
.08 

L36 
.52 

.01 

.01 

5 

.28 

.09 

.46 

.002 

7 

.30 

.07 

.37 

.01 

9 

.24 

.05 

.70 

.02 

11 

.15 

.14 

62.45 

.04 

Marcy 

1 
3 

.20 
.30 

.04 
.15 

.32 
37.00 

.003 

■  ■■.«  wj   ■******■*■■■■*■■■*■•■■■*•■•■■>■■■**■■*■ 

.003 

5 

.36 

.12 

.60 

.10 

7 

.27 

.06 

.41 

.006 

Voyenne 

1 

.23 

.06 

.68 

.01 

3 

.37 

.13 

.18 

.01 

5 

.31 

.12 

7.88 

.01 

• 

7 

.27 

.14 

15.53 

.01 

9 

.28 

.18 

7.96 

.01 

Marie 

1 
3 

.42 
.31 

.16 
.07 

.85 
LOO 

.006 

.01 

5 

.41 

.09 

.70 

.02 

7 

.23 

.07 

.80 

.02 

9 

.47 

.14 

.80 

.01 

Houry 

1 

.42 

.09 

L18 

.01 

w 

3 

.50 

.18 

L44 

.01 

6 

.27 

.10 

L65 

.02 

8 

.48 

.13 

2.96 

.01 

10 

.35 

.09 

4.78 

.01 

Prisoes 

1 
3 

.61 
.30 

.15 
.16 

.76 
L47 

.006 

.006 

5 

.53 

.23 

.64 

.007 

7 

.34 

.13 

L30 

.006 

9 

1.30 

.80 

.70 

.006 

Gronard 

1 
4 

.33 
.26 

.08 
.07 

L04 
.56 

.03 

.003 

6 

.28 

.03 

L84 

.005 

Agnlcourt^t'^^beUes 

1 

.28 

.11 

3.00 

.02 

3 

.28 

.26 

8.06 

.01 

5 

.30 

.10 

L18 

.01 

7 

.26 

.18 

2.55 

.01 

9 

.25 

.25 

53.50 

.02 

10 

.51 

.15 

.68 

.01 

12 

.30 

.10 

.32 

.01 

14 

.21 

.17 

87.00 

.01 

Montkni^ 

1 
3 

.23 
.28 

.07 
.09 

.32 
.68 

.01 

.01 

5 

.45 

.06 

.78 

.01 

7 

.21 

.15 

56.00 

.02 

9 

.35 

.17 

1.68 

.04 

Nolrcourt 

1 
3 

.43 

.50 

.06 
.06 

5.88 
.36 

.01 

A^^#*A^^«^«A*  V««»«    ••••••••••••••••••••••••••••    •    ■    m 

.006 

5 

.29 

.06 

3.55 

.02 

7 

.41 

.11 

13.50 

.008 

11 

.15 

.16 

38.00 

.006 

12 

.40 

.06 

.98 

.01 

14 

.14 

.10 

L97 

.02 

16 

.43 

.06 

L36 

.03 

18 

.35 

.06 

.48 

.01. 

Qoodelanooart 

1 
3 

.39 
.23 

.18 
.07 

26.50 
.50 

.004 

^i^    ^^  ViH  ^^B  ^.r^^^^^^P^v^^^^  ^l^^B     ^^  ^     V     V     V     9    V^WVVVWVBVV^VSV^W^^^WV^VV 

.006 

5 

.41 

.10 

.72 

.01 
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Chemical  componium  of  the  mnU  of  France — Continued, 

AI8NE— Continued. 


IH'S  ription  and  loraiity. 


LOAN— continued. 


Ebouleau. 


Bucy-les-Pierrepont . 


Boncourt. 


Lappion. 


La  Selve. 
61s8onne.. 


Machecourt 

Chlvree 

Lfesse 

GUy 

Samoussy.. 

Monceau-Ie*Waast 
Athles 


Eppes 

Coucy-les-E  ppes . 


Festieux. 


Veslud 


Original 

sample 

No. 


1 
3 
6 
7 
1 
3 

? 

9 
11 
13 
16 
1 
3 
5 
7 
1 
3 
5 
6 
8 
10 
13 
1 
2 
3 
1 
3 
4 
6 
6 
7 
8 
9 
10 
1 
3 
6 
7 
1 
3 
4 
0 
1 
1 
3 
5 
7 
1 
4 
6 
8 
1 
3 
1 
2 
4 
6 
8 
9 
1 
2 
1 
3 
5 
6 
8 
9 
10 
1 
3 
4 
6 
1 
3 
4 
6 


Potash 
(KfO). 


PereffU. 
0.52 
.39 
.26 
.28 
.16 
.24 
.20 
.44 
.39 
.40 
.27 
.37 
.25 
.29 
.28 
.28 
.30 
.14 
.23 
,2b 
.29 
.28 
.37 
.32 
.14 
.26 
.24 
.33 
.24 
.24 
.28 
.30 
.49 
.14 
.12 
.29 
.35 
.39 
.44 
.47 
.24 
.23 
.41 
.27 
.20 
.47 
.30 
.27 
.37 
.27 
.24 
.23 
.25 
.19 
.38 
.40 
.23 
.22 
.29 
.27 
.31 
.30 
.16 
.45 
.19 
.21 
.47 
.29 
.25 
.16 
.25 
.29 
.50 

•^? 
.18 

.33 

.35 


Phospborto 

acid 

(PtO»). 


Lime 
(CaCOt). 


■- 


Percent. 
O.08 
.07 
.09 
.06 
.06 
.08 
.07 
.06 
.07 
.06 
.02 


.00 

.07 

.10 

.06 

.11 

.04 

.04 

.06 

-07 

.15 

.04 

.04 

.06 

.07 

.21 

.07 

.00 

.13 

.  15 

.50 

.32 

.06 

.04 

.  12 

.03 

-11 

.06 

-17 

.14 

.05 

.10 

.04 

-OS 

.04 

.06 

.00 


14 

lO 
17 


14 
12 


-or 


-04 


-17 


-or 

-  13 


[agnesi 
(MgU 


turn 


Per  emt. 
0.25 
.40 
.42 
42.00 
.42 
20.50 
.53 
.42 
.34 
.44 
.12 
.72 
.28 
.26 
.48 
.80 
47.00 
.22 
.12 
.28 
.24 
M.70 
.64 
1.84 
48.00 
.78 
43.00 
0.20 
.80 
23.22 
15.64 
16.19 
10.71 
.52 
.24 
40.00 
.80 
1.40 
1.96 
20.00 
46.60 
.24 
5.64 
1.63 
.52 
.38 
.20 
.68 
.24 
39!  75 
2.60 
26.00 
2.97 
3.25 
.53 
.28 
1.00 
.80 
14.00 
.64 
86.00 
8.00 
.30 
.43 
.36 
.30 
7.30 
35.50 
2  10 
.16 
10.50 
25.44 
1.50 
.24 
.04 
.88 
20.00 


Pneeni. 
0.004 
.(KM 
.007 
.007 
.008 
.004 
.02 
.01 
.COS 
.01 
.001 
.01 
.12 
.03 
.01 
.11 
.02 
.01 

•« 

.02 

.02 

.19 

.03 

.08 

.007 

.02 

.005 

.001 

.OM 

.003 

.00: 

.003 

.OOS 

.001 

.004 

.009 

.006 

.002 

.01 

.OH 

.003 

.01 

.23 

.001 

.009 

.00: 

.01 

.02 

.00» 

.01 

.01 

.02 

.01 

.03 

.01 

.01 

.004 

.007 

.006 

.IXM 

.006 

.006 

.003 

.ON 

.01 

.001 

.01 

.OOS 

M 

.004 

.005 

.005 


.01 
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Chemical  compontion  of  the  soih  of  France — Continued. 

AI8NE— Continued. 


:)c.i«ription  and  locality. 


LOAN— oont  inued 
Parfondru 

Bruytees 

Airemcy 

Ployart 

Vauieselne 

Montohalons 

ChArftt 

Orgeval 

Bl^yres 

Martlgny 

MonampteuU 


Braisne. . 

Bienelle.. 
Couioelles 


Llm^. 


Qulncy-80us-Le-MoDt  et  Bniy^ires 

Laflaux 

Neuvllle-sur-Marglval 

Temy-Soroy 


Marglval. 


Vulllery  et  Braye-sous-Clamecy 
Vlllemontolre 


Original 

sample 

No. 


Bucancy. 


1 
2 
5 
1 
1 
3 
.  5 
1 
3 
6 
1 
3 
5 
1 
3 
6 
1 
2 
1 
4 
1 
3 
4 
1 
3 
4 
5 
1 
3 
5 
7 
9 
1 
3 
6 
7 
1 
1 
3 
5 
7 
8 
10 
1 
3 
5 
7 
9 
2 
4 
6 
8 
1 
3 
6 
1 
3 
1 
3 
5 
7 
9 
1 
3 
5 
7 
9 
1 
1 
3 
5 
7 
9 
1 
3 
6 
8 


Potash 
(K,0). 


Per 


cent. 
0.32 
.52 
.26 
.14 
.32 
.27 
.21 
.24 
.44 
.18 
.37 
.33 
.24 
.40 
.32 
.32 
.36 
.36 
.25 
.27 
.26 
.36 
.28 
.36 
.33 
.39 
.40 
.20 
.27 
.20 
.19 
.34 
.23 
.28 
.20 
.17 
.35 
.34 
.47 
.24 
.28 
.16 
.20 
.32 
.23 
.31 
.64 
.32 
.26 
.27 

•  .24 
.22 
.24 
.37 
.22 
.42 
.29 
.36 
.39 
.38 
.26 
.30 
.28 
.48 
.28 
.28 
.26 
.28 
.24 
.29 
.16 
.20 
.16 
.27 
.33 
.31 
.31 


Phosphoric 

acid 

(P«0»). 


Lime 
(CaCO,). 


Percent. 
0.10 
.15 
.05 
.05 
.07 
.03 
.05 
.11 
.06 
.10 
.09 
.06 
.12 
.16 
.10 
.04 
.07 
.07 
.06 
.14 
.10 
.17 
.10 
.07 
.07 
.12 
.07 
.07 
.05 
.07 
.07 
.07 
.67 
.06 
.05 
.12 
.04 
.05 
.06 
.06 
.05 
.04 
.07 
.05 
.05 
.07 
.07 
.91 
.05 
.06 
.09 
.05 
.06 
.07 
.06 
.07 
.06 
.06 
.12 
.06 
.06 
.07 
.06 
.06 
.08 
.05 
.06 
.07 
.13 
.09 
.07 
.09 
.08 
.04 
.06 
.06 
.07 


Per  cent. 

0.16 

2.88 

5.40 

.24 

1.00 

.84 

10.88 

.63 

3.37 

2.40 

20.00 

10.00 

.40 

.60 

3.40 

.20 

47.00 

19.00 

1.40 

.84 

.44 

20.00 

11.00 

1.10 

13.06 

13.18 

.46 

.  w 

.19 

.23 

.24 

.45 

.50 

.48 

.84 

7.00 

.48 

.78 

1.66 

1.26 

65.00 

27.00 

.44 

.74 

.  26 

.42 

.70 

29.00 

.30 

.41 

.56 

.58 

1.09 

1.90 

.52 

.48 

.30 

1.42 

21.20 

1.22 

.42 

.72 

3.68 

2.02 

.82 

81.00 

3.68 

.34 

5.10 

.72 

18.20 

.82 

.60 

.98 

1.70 

.40 

3.41 


Magnesium 
(MgO). 


Percent. 
a007 
.01 
.02 
.02 
.008 
.007 
.006 

.(Or 

.OS 

.01 

.007 

.02 

.006 

.006 

.005 

.005 

.02 

.02 

.007 

.004 

.03 

.01 

.006 

.007 

.05 

.31 

.08 

.002 

.005 

.004 

.005 

.005 

.03 

.02 

.02 

.01 

.01 

.01 

.03 

.08 

.01 

.01 

.01 

.02 

.01 

.01 

.01 

.01 

.02 

.005 

.01 

.01 

.006 

.008 

.007 

.01 

.005 

.006 

.006 

.003 

.004 

.02 

.01 

.01 

.005 

.005 

.008 

.003 

.02 

.01 

.03 

.03 

.007 

.01 

.01 

.006 

.03 
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Chemical  composition  of  the  soils  of  France — Continued. 

AISNE— Continued. 


Description  and  locality. 


Original 

sample 

No. 


Potash 

(KiO). 


Pbospboiic 

acid 

(PfOj). 


Lime 
CaCOi). 


Magnesioin 
(MgO . 


LAON --continued. 

1 
Per  cent. 

1 
Per  cent. 

1 
Percent. 

Ptrerm. 

Aoonin 

1 

0.33 

0.08 

9  70 

0.D1 

3 

.30 

.09 

1.10 

.01 

4 

.32 

.06 

.86 

.03 

0 

.37 

.16 

.40 

.OK 

Cutrj' 

1 

.3 

.05 

.10 

.003 

-wmwvis^     •••«•«•••••••••••.•■•.••>••...••.«•..•• 

3 

.38 

.07 

.24 

.01 

5 

.66 

.07 

1.88 

.01 

7 

.38 

.06 

.48 

.004 

Coeu\Tes-€t-Valaery 

1 

.38 

.08 

.20 

.01 

^■^  ^^^i»  ^^m     *    H    ^W^^r       ^^  ^                     ^^  ^^."  ^^  ^   ^w           ^v««      •^■•^••^^■■■^■■^•••^^ 

3 

.24 

.06 

.24 

.006 

5 

.26 

i               .07 

54.00 

.01 

6 

.34 

1               .12 

2.24 

m 

»• 

1 

.37 

.08 

.36 

.01 

Saint- Pierre- A  l::lo 

1 

.29 

.03 

.48 

.007 

3 

.25 

;              07 

.24 

.01 

Lavcrsinr 

1 

.33 

!              .02 

.28 

.005 

3 

.31 

.08 

.28 

.01 

Demniierj 

I 

.31 

.06 

.20 

.01 

3 

.37 

.10 

.36 

.05 

Bern  v-nivi^^e 

1 

8 

12 

41.90 

.003 

^■^^^0    ^»      w             «A  ^  a     ^     ^^*V    ^k*    ^v^*       •■va*aBS9*V«*SVWV*V*«KSS««       ■ 

2 

.80 

.14 

17.00 

.003 

NouvTon 

1 

.57 

.08 

.73 

.01 

3 

.64 

.09 

.65 

.01 

5 

.32 

.06 

.45 

.003 

7 

.42 

.06 

5.09 

.02 

8 

.14 

.01 

86.70 

.004 

Morsain 

1 

.30 

.05 

2.16 

.oo: 

% 

2 

.18 

.07 

.70 

M 

3 

.22 

.06 

2.23 

.005 

5 

.20 

.05 

5.44 

.01 

V^zaponln 

2 

30 

05 

3.04 

.01 

4 

.50 

.03 

.50 

.01 

6 

.44 

.05 

.30 

.01 

Salens 

1 

.29 

.28 

1.48 

.01 

4 

.12 

.06 

44.00 

.01 

5 

.39 

.06 

3.00 

.08 

8 

.35 

.08 

.61 

.01 

10 

.26 

.04 

1.18 

.03 

Saint- Aubin 

1 
3 

.26 
.15 

.06 
.05 

1.06 
2.80 

.05 

^■^  ^iV^B^  V  ^F        m    ^k  %JB  ^^  ^VVWVVV      W     W      ^     9      VV^V      VvvvVfl      VVvBva      V      v««      ■«       •■      ■ 

.06 

Trosly-Loire 

1 

.24 

.06 

2.27 

.04 

3 

.16 

.06 

.68 

.05 

4 

.19 

.08 

1.52 

.06 

5 

.17 

.07 

.82 

M 

w 

i 

.22 

.03 

9.96 

.06 

8 

.17 

.09 

2.08 

.05 

9 

.22 

.07 

.78 

.03 

Vllleauier- Aumont 

1 

32 

05 

.68 

.01 

W     AM^v^a*"^"        ••^^•■•^^••W    •••*•«••■*>■«■•■••■•■•>•«* 

4 ; 

.57 

.22 

.38 

.004 

6  1 

.26 

.06 

.38 

.008 

«  I 

.26 

.05 

.82 

.01 

10  1 

.28 

.05 

.38 

.01 

Landouzy-Ia-Cour 

2  ' 

27 

.  11 

2.30 

.01 

^■^^■iv^  V  ^^B  ^r  V^  w  ^V         ^  w       ^>^  ^1^  vHB^v     ^^^^^^■■vvv«VHVvvv«««aaAaA* 

4 

.32 

.06 

.64 

.01 

6 

.35 

.10 

.38 

.01 

10 

.23 

.09 

.60 

.01 

12 

.34 

.08 

.20 

.007 

14 

.30 

.06 

1.00 

.006 

Vervins 

1 
3 

.27 
.24 

.11 
.10 

.32 
.20 

.01 

.007 

5 

.36 

.10 

1.28 

.01 

Font  'ne-les-Vervins 

1  ' 

.28 

.11 

.60 

.008 

3 

.39 

.10 

93.00 

.007 

.rWM 

4 

.33 

.10 

.68 

.0D9 

6 

.32 

.07 

2.20 

.005 

8  ■ 

.40 

.10 

1.84 

.007 

Laigny 

1 

.29 

.04 

.44 

.001 

3 

.30  i 

.10 

.80 

.Oft» 

.11 

6  1 

.30  : 

.11 

9.44 

.01 

Haution 

1  ■ 

.31  ' 

.08 

1.24 

.006 

3  . 

.26 

.00 

.32 

.007 

Voulpaiz 

1 

31 

00 

.56 

.003 

2 

.66  1 

.07 

.36 

.007 

A1 

3 

.24, 

.06 

1.24. 

.01 

5 

.28  1 

.09 

.88 

.00b 
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Chemical  composition  of  the  soils  of  France — Continued. 

AISNE— Continued. 


Description  and  locality. 


LAON — continued 
Marfontalne 

Roueerles 

Presles 

Nouvion 

Laval 

Monthenault 


Chamooille . 
Courtecon . . 


Fancy 

CoUIgls  . . . . 
Crandelain. 


Trucy.. 
Lierval. 
Leadins. 


Levergies. 


Oouy, 


Prouvais. 


MoUnctaart 

Cl%cy 

Meriieux 

Montbavin  et  Montarsdue 


Barisis. 


Mont-Saint-Martin. 


1 
2 
4 

1 
1 
1 
4 
3 
6 
1 
3 
5 
7 
8 
1 
2 
1 
3 
5 
7 
10 
1 
3 
1 
3 
1 
4 
6 
1 
3 
1 
2 
1 
3 
5 
7 
1 

■ 

6 
8 
1 
3 
5 
7 
8 
10 
12 
14 
16 
1 
3 
6 
7 
9 
10 
1 
3 
5 
1 
2 
3 
5 
1 
3 
5 
7 
8 
9 
1 
3 
6 
7 
1 
3 
5 
8 


Potash 
(KiO). 


Per 


eerU, 
0.31 
.24 
.28 
.33 
.25 
.47 
.30 
.27 
.12 
.54 
.46 
.40 
.40 
.35 
.32 
.38 
.27 
.26 
.26 
.37 
.33 
.24 
.52 
.52 
.58 
.28 
.29 
.33 
.36 
.33 
.32 
.56 
.34 
.30 
.39 
.38 
.27 
.27 
.36 
.37 
.39 
.59 
.40 
.17 
.51 
.50 
.51 
.44 
.38 
.22 
.29 
.40 
.21 
.46 
.22 
.86 
.27 
.38 
.30 
.32 
.38 
.32 
.37 
.26 
.19 
.23 
.28 
.20 
.22 
.38 
.23 
.29 
.42 
.39 
.36 
.45 


Phosphoric 

acid 

(P.O»). 


Percent. 
0.17 
.06 
.09 
.09 
.05 
.10 
.05 
.10 
.06 
.07 
.07 
.04 
.06 
.04 
.10 
.08 
.06 
.06 
.06 
.17 
.08 
.02 
.09 
.07 
.05 
.05 
.07 
.05 
.07 
.03 
.06 
.12 
.14 
.16 
.08 
.13 
.10 
.07 
.00 
.10 
.07 
.14 
.12 
.12 
.12 
.10 
.09 
.09 
.10 
.08 
.06 
.22 
.24 
.30 
.15 
.09 
.04 
.09 
.11 
.23 
.06 
.04 
.07 
.05 
.04 
.04 
.05 
.08 
.06 
.08 
.06 
.05 
.09 
.10 
.09 
.06 


Lime 
(CaCOi). 


Percent. 

L96 
.36 
.52 
.92 
.35 

1.68 
.15 
.56 
.60 
.52 
.16 
.72 
.06 

L64 

2.56 

6.60 
.36 
.70 
.48 
.96 
n.30 
.20 
.52 
.84 

9.96 
.24 
.22 
.18 
.28 
.20 
19.86 

8.52 

.44 

56!  40 

2.80 

1.44 
18.04 

2.04 
.92 
.54 

3.70 

.76 

.76 

42.40 

LQ8 
.60 

1.76 

11.92 

.64 

.68 

2.80 
32.70 
34.00 
52.00 

7.44 

3.40 

.32 

44.50 

6.40 

2.06 
.16 
.16 
.62 
.76 
.40 
.12 
.22 
27.00 
.64 

1.00 
22.00 

1.08 

6.70 

1.04 

15.60 

.48 


Magnesium 
(MgO). 


Percent. 
0.01 
.01 
.004 
.006 
.01 
.006 
.005 
.006 
.02 
.005 
.005 
.004 
.004 
.005 
.05 
.006 
.006 
.02 
.003 
.007 
.03 
.007 
.01 
.01 
.007 
.007 
.01 
.005 
.003 
.004 
.22 
.01 
.01 
.004 
.02 
.01 
.02 
.02 
.01 
.01 
.01 
.005 
.01 
.01 
.006 
.01 
.004 
.01 
.01 
.007 
.02 
.01 
.01 
.02 
.01 
.01 
.005 
.01 
.02 
.03 
.003 
.003 
.01 
.01 
.01 
.01 
.01 
.02 
.007 
.004 
.005 
.003 
.02 
.007 
.01 
.01 
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Chemical  oomponlion  of  the  eoile  of  France — ^Contiiiued. 

AISNB— Continued. 


Description  and  locality. 


LAON— continued . 


Nedea. 


Nogentel 

^tampes 

Chlerrj* 

Foasoy 

Seraucourt-lo-Grand 

Happenoourt 

Artemps 

Clashes 

Guise 

Lesqulellee-Saint-Gennain 

CouTTon 

Barenton-Cd 


Original 

sample 

No. 


Chalandry 

Ossl^fpts 

Guivry 

Berlanoonrt 

NeaviUe-Salnt>Amdiid . 


Remaucoiirt 

VnuxresLs 

Culsy-«n- A  Imont 

ViellArcy 


1 
8 
5 
7 
0 
3 
4 
1 
2 
1 
8 
1 
3 
5 
1 
3 
5 
7 
1 
3 
5 
1 
3 
1 
1 
4 
6 
8 
1 
3 
4 
6 
1 
3 
4 
5 
1 
3 
4 
6 
8 
10 
1 
3 
1 
3 
5 
7 
2 
4 
6 
1 
3 
ft 
7 
8 
1 
3 
5 
7 
8 
10 
12 
15 
1 
3 
6 
9 
1 
1 
3 
1 
•  3 
6 
7 
10 


Potash 

(KfO). 


Per  cent. 

0.23 
.38 
.29 
.26 
.28 
.24 
.40 
.72 
.24 
.29 
.40 
.77 

1.17 
.33 
.28 
.29 
.50 
.28 
.44 
.42 
.38 
.47 
.30 
.32 
.29 
.64 
.40 
.39 
.27 
.46 
.36 
.31 
.31 
.34 
.17 
.21 
.51 
.35 
.39 
.14 
.51 
.41 
.49 
.32 
.28 
.33 
.45 
.34 
.27 
.24 
.33 
.38 
.43 
.27 
.23 
.36 
.41 
.49 
.43 
.45 
.33 
.35 
.40 
.53 
.38 
.47 
.37 
.34 
.34 
.41 
.31 
.36 
.14 
.25 
.14 
.47 


Phoaphorlc 

acid 

(PtOa). 


Lime 
(CaCO«). 


Per  eeiU. 
O.06 

.oe 

.06 

.05 

.10 

.06 

.23 

.09 

.12 

.15 

.20 

.08 

.12 

.06 

.14 

.06 

.09 

.21 

.15 

.22 

.10 

.13 

.10 

.05 

.08 

.11 

.09 

.03 

.56 

.07 

.  12 

.10 

-16 

.12 

-18 

.07 

-10 

.00 

.09 

.  19 

.06 

.07 

.09 

-  12 

-  12 
-06 
-06 
-07 
-07 


Per 


OO 


oo 

OO 

11 


12 
03 
lO 
07 
07 


18 

le 

13 
12 


-or 


or 


07 
lO 


cent. 

a48 

.38 
.20 
.00 
.80 
32.00 
5.80 
1.36 
7.50 
15.02 
20.00 
17.46 
13.74 
14.06 
3. 53 
.10 
1.08 
3.24 
3.28 
31.00 
8.64 
2.08 
1.56 
.60 
.20 
2.64 
.70 
.24 
45.00 
.72 
3.04 
.60 
4.06 
5.88 
58.00 
.20 
2.63 
8.70 
1.62 
72.00 
.60 
14.00 
1.80 
2.10 
.56 
.36 
.       .S3 
.36 
.40 
.48 
.72 

1.20 
2.20 
5.50 
16.00 
2. 68 
.30 
2.00 

2.16 
47.00 

3.02 
1.40 

i.eo 

1.00 
3.36 
1.62 

2. 52 

39.50 

.64 

.24 

1.08 

1.40 

.40 

16.00 

S.16 

13.60 


Per 


cent. 
0.02 

.m 
.m 

.01 

.02 

.01 

.04 

.005 

.03 

.01 

.03 

.006 

.02 

.02 

.02 

.01 

.OCT 

M 

.02 

.01 

.01 

.01 

.005 

.02 

.03 

.Oi?r 

.003 

.01 

.01 

.01 

.003 

.0( 

.03 

.02 

.04 

.01 

M 

.007 

M 

.90 

.001 

.004 

.01 

.001 

.Offi 

.OiE 

.9S 

.003 

.OM 

.004 

.ffi 

.(6 

.01 

.006 

.0? 

.005 

.009 

.006 

.(ff 

.006 

.006 

.<» 

.005 

.01 

.01 

.01 
.002 
.«H 
.flC 

.SB 


.oos 
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Chemical  compoBition  of  the  soiU  of  France — Gontmued. 

« 

AISNE—Contlnued. 


Descriptioii  and  locality. 

Original 

sample 

No. 

Potash 
(KiO). 

Phosphoric 

acid 

(PiO.). 

Lime 
(CaCOt). 

Magnesiom 
(MgO). 

z^ON— oontlnued . 
Dhuizel 

1 

a 

1 

2 
4 
0 
9 

Percent. 
a39 
.25 
.65 
.30 
.85 
.48 
.34 

Percent. 
0.07 
.07 
.16 
.07 
.11 
.06 
.00 

Percent. 

0.60 

.76 

1.00 

.92 

1.10 

1.00 

16.80 

Percent. 
0.004 

Longpont 

.003 
.002 

.004 
.005 
.004 
.002 

PAS-DE-CALAIS.a 

1 

Kraal^wes 

1 
2 
8 
4 

5 
6 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
1 
2 
3 

a268 
.137 
.267 
.267 
.298 
.219 
.32 
.35 
.30 
.289 
.317 
.26 
.33 
.30 
.29 
.34 
.316 
.293 
.388 
.333 
.319 
.328 
.376 
.314 
.245 
.219 

.ZOO 

.121 

.176 

.154 

.176 

.160 

.185 

.191 

.196 

.249 

.248 

.289 

.30 

.198 

.174 

.38 

.256 

.347 

.36 

.043 

.36 

.384 

.29 

.22 

.291 

.235 

.282 

.248. 

.324 

.26 

.223 

.257 

.205 

.258 

.  «0O 

.268 
.241 
.277 

a  119 
.092 
.098 
.108 
.211 
.172 
.143 
.066 
.104 
.159 
.121 
.10 
.14 
.115 
.22 
.094 
.116 
.118 
.158 
.19 
.26 
.262 
.096 
.094 
.092 
.094 
.0S4 
.106 
.156 
.15 
.156 
.146 
.156 
.159 
.133 
.121 
.145 
.153 
.086 
.142 
.098 
.116 
.063 
.129 
.092 
.031 
.116 
.104 
.101 
.092 
.105 
.153 
.167 
.254 
.224 
.704 
.704 
.554 
.40 
.194 
.642 
.092 
.091 
.11 

0.405 
2.411 
1.836 
3.875 
15.565 
57.344 
1.662 
1.932 
1.897 
a  112 
35.971 
1.17 
1.51 
.20 
23.39 
.925 
.70 
1.20 
•      4.215 
4.265 
23.00 
23.00 
1.12 
.716 
1.36 
1.05 
1.19 
.135 
1.0S5 
.625 
.  2.70 
.475 
1.35 
.533 
4.906 
1.183 
2.786 
1.848 
.048 
1.041 
1.041 
18.011 
U016 
25.145 
22.066 
.101 
14.974 
16.412 
14. 101 
13.834 
15.806 
.96 
7.699 
21.334 
13.014 
38.75 
34.427 
19.739 
4.572 
1.625 
9.939 
1.84 
1.47 
.518 

GuiKnv 

"  "■»•' J  ,..................««...•.••...-•.•••• 

Berthon  vol 

' 

Louez - 

• 

Valhuon ^-.^ 

Saint-Martin     

• 

' 

LiOnffuiiessfi          ...«..«.......•••••••••••.••• 

Maick 

. 

Oftekeroiie t ^  - ,  - , ^ ..... . 

Guines 

Faubourc  Ron  viUe 

Souastfo 

a  Pagnool.    Teires  Arables  de  PaSKle^^alafs,  1894.    Bal.  Sta.  Agnm.  Pas-de-Calais,  1887-1805. 
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Chemical  oompoaition  of  the  soile  of  France — Contiiiued. 

PAS-DE-CALAIS-Continued. 


DcacilpUcm  «nd  loealltj. 


Souastre 


Fas. 


Serros. 


Fiesncs-lcc-Montauban . 


Adinfer. 


H  toln-sur-CoJeuI . 


Achlooort. 


Croisilles. 


Original 

sample 

No. 


LaHerlidre. 


MoyeimeTllle. 


Ablaizuevelle. 


4 

6 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
I 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
0 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Potash 

(K,0). 


PhospliariB 

acid 

(PiOft). 


Lime 
(CaCOi). 


Msfow^hm 


Percent. 
0.2G7 
.239 
.29 
.249 
.2fl2 
.208 
.311 
.345 
.245 
.256 
.177 
.199 
.31 
.278 
.122 
.30 
.255 
.315 
.263 
.268 
.277 
.36 
.257 
.333 
.292 
.367 
.337 
.307 
.262 
.286 
.30 
.288 
.253 
.289 
.228 
.262 
.313 
.268 
.313 
.277 
.263 
.278 
.329 
.295 
.257 
.278 
.355 
.317 
.334 
.286 
.308 
.305 
.265 
.325 
.26 
.282 
.275 
.273 
.276 
.249 
.276 
.309 
.317 
.317 
.306 
.215 
.345 
.316 
.162 
.304 
.266 
.269 
.292 
.224 
.25 
.269 
.255 


Per  cent.       Per 
O.075 
.09 
.06 
.092 
.06 
.1^4 
.061 
.06 
1.28 
.056 
.26 
.104 
-10 
.133 
.14» 
.118 
.106 
.114 
.107 
.11 
.162 
.  11 
.066 
.  II 
.231 
.  114 

-  10 
.094 
.093 
.  103 
.  106 
.064 
-071 
.  186 
.  115 
.  123 

-  096 

-  163 
.094 

-  sm 


.  i« 

-  I'M) 

-  1£0 

-  S7 


109 
108 
114 
103 
114 


•  1S7 
•OQQ 


XOT 


-ori 

-OT3 


cent. 
1.504 
2.053 
2.21 
2.596 
1.02 
3.866 
3.112 
.97 
.923 
.031 
62.448 
1.62 
2.72 
.961 
.468 
4.17 
.75 
l.fS 
2.02 
Ml 
33.272 
1.972 
1.901 
1.633 
42.113 
1.14 
.861 
.526 
.774 
2.462 
1.208 
.1251 
.077 
14.40 
2.53 
2.30 
1.15 
10.42 
.93 
7.173 
7.698 
1.901 
1.288 
2.263 

35.tf« 
32.988 
2.68 
4.67 
2.061 
.503 
.992 
1.511 
12.585 
1.003 
16.67 
.459 
2.917 
8.00 
1.904 
4.857 
2.146 
.614 
.208 
.774 
.811 
.381 
.684 
.603 
.50 
.3» 
.251 

.429 

1.845 

.102 


Ptrcai. 


I 
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Chemical  composition  of  the  soils  of  France — Continued. 

F  AS-D  E-CALAIS— Continued. 


Description  and  locality. 

Original 

sample 

No. 

Potash 
(K,0). 

Phosphoric 

acid 

(P»0*). 

Lime 
CaCOi). 

Magnesium 
(MgO). 

Havrincourt 

r 

1 

2 
3 
4 

6 
6 

7 

8 

9 

10 

11 

12 

1 

2 

.    3 

4 

5 

6 

7 

8 

9 

^? 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 
2 
3 
4 
6 
6 
1 
2 
3 
4 
5 
6 
7 

• 

2 
3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
6 
6 

Percent. 
0.272 
.237 
.283 
.319 
.237 
.399 
.275 
.337 
.35 
.341 
.25 
.206 
.248 
.276 
.257 
.337 
.268 
.205 
.264 
.266 
.182 
.322 
.272 
.226 
.227 
.239 
.323 
.233 
.289 
.218 
.218 
.243 
.22 
.306 
.38 
.365 
.297 
.503 
.545 
.253 
.414 
.284 
.26 
.36 
.378 
.31 
.31 
.53 
.249 
.379 
.271 
.385 
.31 
.28 
.266 
.353 
.262 
.667 
.761 
.178 
.232 
.245 
.254 
.161 
.304 
.217 
.171 
.279 
.21 
.178 
.201 
.293 
.287 
.395 
.196 
.272 

Percent. 
0.111 
.097 
.137 
.103 
.124 
.128 
.09 
.150 
.106 
.122 
.103 
.27 
.081 
.087 
.139 
.116 
.067 
.074 
.073 
.072 
.095 
.126 
.116 
.111 
.133 
.107 
.131 
.105 
.118 
.15 
.098 
.105 
.103 
.096 
.314 
.083 
.073 
.39 
.422 
.054 
.088 
.07 
.069 
.081 
.26 
.078 
.142 
.10 
.074 
.063 
.06 
.072 
.093 
.  UVv 
.086 
.114 
.039 
.045 
.038 
.00 
.085 
.161 
.147 
.309 
.105 
.062 
.068 
.105 
.111 
.102 
.126 
.117 
.223 
.209 
.104 
.193 

Percent. 

1.537 

.799 

3.646 

.605 

3.469 

1.652 

.62 

.87 

.848 

2.628 

1.578 

39.918 

.573 

.57 

.877 

1.687 

.245 

1.171 

.051 

.243 

.255 

1.413 

2.536 

.93 

1.734 

.568 

.753 

.711 

2.344 

.876 

1.996 

.537 

2.599 

1.884 

11.117 

66.90 

3.899 

14.713 

30.198 

2.171 

.675 

1.514 

.902 

1.022 

33.837 

2.12 

16.783 

3.685 

.253 

1.050 

1.33 

.00 

.671 

.774 

1.224 

1.237 

1.003 

.929 

.608 

.00 

2.204 

28.211 

29.757 

8.034 

5.803 

2.203 

1.463 

4.167 

2.648 

3.439 

2.08 

.436 

6.007 

1.807 

.212 

4.813 

PercejU. 

H«SdIgIleIll 1      r      , r 

Metx-en-Coutore 

Fontaln^lp»-"Roiilan8 

Claf  rm^nil?! 

Wizemes 

Racquinghem 

. 

• 

Houlle '. 

/ 

Moulle 

Zoteux 

^ 

• 
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Chemical  eomposUion  of  the  soils  of  .FVtmca— Goxxtii^ued.. 


PA8-DK-CALja8--OootlBued. 


DocripUon  and  locality. 


Mentque>NortMoourt . 


laques. 


Hubenent.. 


BaUleul-le&>PeniM . 


Auchy-lea-Hesdln . 
Rang-du-FUers. . . 


Oijgiiial 

sample 

No. 


Labourae. 


Feuchy. 


Coupelle-Vfolie 

Boiry-Notre-Dame 


Givenchy-en-Oobelle . 


P6nln. 


Baralle. 


1 
2 
3 
4 

5 
6 
1 
2 
S 
4 
5 
6 
1 
2 
3 
4 
A 
6 
1 
2 
3 
4 
5 
3 
1 
2 
3 
1 
2 
3 
4 
6 
6 
1 
2 
3 
4 
5 
6 
7 
1 
3 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
6 
6 


Per 


cent. 

0.144 
.282 
.196 
.297 
.197 
.266 
.404 
.314 
.199 
.236 
.234 

.4u0 

.358 
.147 
.202 
.273 
.211 
.20 
.357 
.243 
.301 
.214 
.287 
.30 
.195 
.224 
.27 
.23 
.135 
.225 
.219 
.208 
.143 
.40 
-.325 
.281 
.234 
.257 
.306 
.342 
.320 
.254 
.316 
.166 
.317 
.403 
.232 
.306 
.275 
.292 
.268 
.242 
.277 
.185 
.276 
.281 
.30 
.321 
.297 
.28 
.251 
.315 
.366 
.386 
.282 
.367 
.436 
.306 
.261 
.333 
.208 
.267 
.331 
.245 
.224 
.262 
.280 
.269 
.331 


Per 


Ol  102 
.  141 
.  141 


.  151 
.133 
.  170 
.  130 
.073 


ium 
O). 


ei. 

12. 

e. 

7. 


819 
013 
114 
612 


cent. 


11. 
7. 
1. 
2. 


965  j 


.CO 
-257 


163 
174 
242 
746 


I 


.070 
.OS4 
-071 
.066 
.079 


.  121 
.  175 
.124 
.OOl 

.  no 

.067 


oei 

051 


210 
225 
131 


1Q2 
219 


183 


103 
285 

lao 

lO 


•  043 


-077 


185 
073 


078 


132 
156 
127 
124 
178 
1 19 


466 
247 


3.213 
21 
231371 


1. 

1. 

6' 
3. 


18.422 
2.065 
17.485 
21.0S3 
17.912 
14.480 
26.177 


1 

1 

23 

19 

6 


27, 
7, 
4, 


511 

OO 

678 

619 

108 


78 

124 

55 

373 

627 


715 
756 
745 
817 
069 
377 


i? 


1«4 


1 

1 


.50 
-76 

1«.21 

.64 

-372 

-«i6 

1.224 

1.283 

3.864 

-88 
5.42 
6.891 

-769 
9.243 

•^776 
1.119 
2.472 

14.710 

3.219  I 
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Chemical  compontion  of  the  soils  of  .FVtmce— Continued. 

P  AS-D  E-CALAIS— Continued. 


Description  and  locality. 


Re'oergues. 


Agny. 


Auchy-lez-Hesdin . 


Her  belles. 


Beuasent. 


Divlon. 


Aix*«n-Iasart. 


llermles. 


Cbdrisy. 


Guarbecque. 


Izel-les-Uameau. 


Camiera. 


Le  Transloy 

2318— Bull,  57—09 8 


v/ngiDiii 

Potash 

sample 
No. 

(K,0). 

t 

Per  cent. 

'             1 

0.35 

2 

.047 

3 

.27 

'               4 

.32 

6 

.384 

6 

.180 

1 

.39 

2 

.261 

3 

.236 

4 

.38 

5 

.296 

6 

.30 

1 

.221 

2 

.  176 

3 

.208 

4 

.239 

1 

.244 

2 

.27 

3 

.238 

4 

.241 

5 

.206 

6 

.336 

1 

.411 

2 

.241 

3 

.293 

4 

.369 

5 

.273 

6 

.224 

1 

.224 

2 

.237 

3 

.167 

4 

.267 

5 

.19 

6 

.239 

1 

.328 

2 

.323 

3 

.292 

4 

.152 

6 

.259 

6 

.247 

1 

.40 

2 

.341 

8 

.327 

4 

.27 

6 

.289 

6 

.260 

1 

.202 

2 

.228 

3 

.336 

4 

.322 

6 

.250 

6 

.173 

1 

.296 

2 

.337 

3 

.294 

4 

.302 

5 

.219 

6 

.308 

1 

.202 

2 

.219 

3 

.279 

4 

.26 

5 

.209 

6 

.303 

7 

.277 

1 

.125 

2 

.119 

3 

.329 

4 

.213 

6 

.181 

6 

.235 

7 

.156 

8 

.207 

1 

.242 

2 

.279 

3 

.217 

Per  cent. 
0.206 
.126 
.222 
.373 
.164 
.312 
.682 
.163 
.135 
.192 
.246 
.268 
.202 
.239 
.21 
.125 
.097 
.114 
.093 
.201 
.095 
.155 
.187 
.134 
.084 
.135 
.096 
.116 
.084 
.124 
.046 
.116 
.096 
.176 
.091 
.142 
.116 
.307 
.09 
.167 
.260 
.167 
.150 
.17 
.124 
.138 
.121 
.34 
.133 
.20 
.174 
.162 
.10 
.097 
.13 
.128 
.065 
.106 
.107 
.225 
.121 
.087 
.091 
.12 
.111 
.179 
.07 
.379 
.069 
.163 
.144 
.119 
.080 
.081 
.122 
.093 


Lime 
(CaCO>). 


Per  cent. 
14.421 
1.495 
47.525 
11.439 
81.513 
17.655 
19.799 
2.265 
2.095 
4.135 
5.20 
11.348 
1.268 
47.327 
7.066 
4.61 
.708 
.273 
.765 
43.37 
.586 
7.123 
16.211 
51.008  ! 
2.564  I 
3.493 
.716 
5.975 
.978 
3.626  I 
.434 
4. 754 
.869  ' 
2.583 
.331 
.888 
.316 
36.02    I 
1.004 
&025 

6.881  I 

6.882  , 
2.329  ' 
4.729 

.561 

1.413 

1.026 

23.132  , 

.924  I 

.975 

3.929 

.839 

.   1.245 

1.114 

2.24 

1.312 

.788 

2.146 

.646 

38.809 

1.975 

.618 

.808 

2.784 

1.671 

48.777 

2  05 

9.588 

1.746 

41.025 

68  206 

6  145 

.277 

.914 

.52 

.426  1 


Magnesium 
(MgO). 


Per  cent. 


114         CROP  YIELDS,  SOIL  COMPOSITION,  AND  PBODUCTIVITY. 
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Description  and  locality. 


Le  Traosloy. 
Blendecques, 


Fleurbaix. 


Beroieulles. 


Dulsans. 


Bucquoy  (Essart). 


Loues 

Ablalntevelle 

Frevent 

Les  Attaques 

Ablainseveile 

Oisy-le- Verger 

Lumbres 

Lagnlcourt 

Bethuoe 

BapMkume 

CampagDe-ies-Hesdin 

Fouquieres 

Bapaume 

OigDies 

Auchy-lex-La-Bass^e 

pignies  Lcs  Chats-Huants 
Ecou8t-Saint-M«)iii 

• 

Bethuoe 


Original 

sample 

No.. 


Potash 
(K,0). 


Per  cent. 

4 

a  219 

5 

.254 

6 

..296 

1 

.26 

8 

.186 

5 

.133 

7 

.205 

0 

.22 

11 

.192 

1 

.321 

2 

.34 

8 

.372 

4 

.358 

1 

.277 

2 

.276 

8 

.239 

4 

.221 

£ 

.214 

6 

.330 

1 

.235 

2 

.361 

3 

.298 

4 

.326 

6 

.281 

6 

.209 

7 

.292 

1 

.233 

2 

.275 

8 

.268 

4 

.272 

5 

.27 

8 

.291 

5 

.245 

6 

.287 

8 

.265 

10 

.226 

11 

.236 

13 

.337 

14 

.292 

16 

.212 

16 

.343 

17 

.303 

19 

.283 

21 

.222 

23 

.231 

25 

.223 

26 

.206 

28 

.238 

1 

.18 

1 

.258 

2 

.284 

3 

.256 

1 

.209 

2 

.224 

Phosphoric 
add 

(PiO,). 


Percent. 
0.118 
.132 
.121 
.075 
.06 
.069 
.101 
.203 
.167 
.09 
.063 
.113 
.105 
.063 
.079 
.091 
.061 
.069 
.077 
.111 
.196 


.12 

.158 

.221 

.126 

.06 

.136 

.146 

.135 

.133 

.213 

.172 

.132 

.088 

.148 

.  096 

.094 

.106 

.157 

.119 

.144 

.105 

.103 

.072 

.122 

.068 

.133 

.053 

.182 

.124 

.128 

.09 

.092 


Lime 
(CaCOi). 


Percent. 

0.637 

1.247 

.769 

.877 

.175 

.28R 

2.063 

11.44 

13.74 

.997 

.94 

.739 

2.066 

.322 

6.241 

.854 

2.509 

1.0S3 

4.612 

1.348 

2.94 

.834 

.528 

1.989 

48.366 

&413 

6.333 

1.469 

.606 

.546 

.528 

4.702 

.575 

.661 

1.069 

13.177 

.527 

1.367 

2.378 

&747 

1.328 

1.59 

.625 

.985 

6.201 

.775 

.586 

2.201 

.465 

2.172 

.827 

.586 

1.-379 

1.031 


MflKoesiom 
(MgO). 


Pa  mi. 


bouches-du-rh6ne.« 


La  Crau 

1 
2 

3 

4 

5 

6 

7 

8 

Limon  de  Duranoe 

Limon  du  Rhdne 

Sables  du  Rh6ne 

1 
2 

3 

4 

5 

6 

0.241 
.221 
.204 
.177 
.416 
.339 
.491 
.341 
.26 
.252 
.353 
.312 
.396 
.213 
.20 
.062 
.07 
.062 
.094 


0.099 
.088 
.068 
.103 
.128 
.091 
.063 
.197 
.102 
.108 
.109 
.104 
.118 
.112 
.101 
.094 
.078 
.060 
.104 


o  Qastloe.    Ann.  Scl.  Agron.,  1898,  pp.  155,  240.    Bui.  Min.  Agr.  France,  1887, 


0.35 
.708 
1.64 
.464 
1.688 
.«km 
.972 
12.00 
23.75 
20.906 
23.12 
20.777 
23.06 
31.50 
32.40 
16.83 
18.30 
19.30 
19.80 

pp.  614-655. 


0 


1 


«2 

.382 
.«^ 
.616 

.612 
.VA 
.813 

.m 

.IJ 
.94 
.3S8 

,6» 

,53 

t 

,52 

5s: 
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Chemical  composition  of  the  soils  of  France — Continued. 
B0nCHE8-DU-RH6NE— Contiiiued. 


Description  and  locality. 

Original 

sample 

No. 

Potash 
(KtO). 

Phosphoric 

acid 

(PiOi). 

Lime 
CaCO,). 

Magneslinn 
(MgO). 

• 

Percent, 

Percent. 

PereeTU. 

Percent. 

Sables  du  RhAne 

7 
8 

0.091 

.062 

0.094 
.009 

20.20 
24.50 

0.586 

.421 

0 

.093 

.078 

22.50 

.629 

10 

.059 

.101 

23.60 

.48 

11 

.06 

.077 

21.41 

.547 

12 

.06 

.093 

27.65 

.53 

13 

.111 

.135 

1&40 

.404 

14 

.065 

.15 

34.45 

.157 

15 

.066 

.129 

22.10 

.437 

16 

.076 

.124 

22.15 

.53 

17 

.111 

.15 

21.45 

.52 

18 

.163 

.148 

22.10 

.648 

19 

.066 

.078 

17.30 

.530 

20 

.073 

.096 

17.56 

.578 

21 

.309 

.13 

30.30 

1.667 

22 

.198 

.14 

24.40 

.684 

23 

.129 

.122 

19.00 

.731 

24 

.21 

.138 

21.70 

.462 

25 

.078 

.106 

20.40 

.547 

26 

.085 

.13 

18.76 

.478 

27 

.085 

.126 

22.28 

.58 

28 

.074 

.111 

20.00 

.334 

29 

.316 

.165 

25.25 

.802 

30 

.181 

.128 

20.30 

.606 

31 

.153 

.134 

20.25 

.597 

32 

.222 

.18 

22.44 

.714 

33 

.1236 

.137 

26.40 

.86 

34 

.075 

.076 

18.24 

.612 

liaCamargae 

1 

.224 

.150 

31.87 

1.136 

2 

.212 

.16 

33.59 

.944 

3 

.419 

.169 

32.60 

1.048 

4 

.76 

.155 

34.50 

1.387 

• 

5 

.545 

.     .145 

33.87 

1.106 

6 

.29 

.145 

33.97 

1.162 

7 

.418 

.153 

31.85 

1.228 

8 

.224 

.139 

32.40 

1.518 

9 

.183 

.14 

24.20 

.875 

10 

.217 

.16 

26.21 

.94 

11 

.249 

.147 

32.75 

1.080 

12 

.298 

.15 

32.22 

1.089 

13 

.412 

.133 

35.85 

1.51 

14 

.308 

.14 

29.80 

1,107 

15 

.268 

.145 

33.75 

1.104 

16 

.255 

.14 

32.50 

.255 

17 

.21 

.125 

31.92 

1.201 

18 

.278 

.135 

32.14 

1.065 

19 

.429 

.16 

30.95 

1.013 

20 

.152 

.153 

25.60 

.992 

21 

.374 

.009 

34.86 

1.046 

22 

.472 

.108 

32.90 

1.096 

23 

.547 

.125 

38.62 

.974 

24 

.437 

.143 

33.70 

1.104 

25 

.49 

.138 

34.70 

1.042 

■ 

26 

.525 

.144 

36.40 

1.065 

MARNE.a 


Vorxy :  Vereonay ...-,...                    

21 

0.171 

0.205 

14.50 

0.007 

12 

.186 

.134 

19.00 

.036 

24 

.237 

.215 

17.50 

.011 

30 

.115 

.160 

14.10 

.009 

Verzy 

29 
65 

.205 
.136 

.18 
.186 

8.20 
18.30 

.003 

T   WK  •» J     ....................................... 

.007 

45 

.19 

.216 

10.20 

.043 

13 

.169 

.133 

8.00 

.034 

B 

.135 

.095 

1.74 

.001 

Villers-Marmery 

34 

.241 

.186 

0.30 

.092 

22 

.219 

.17 

12.50 

.101 

21 

.278 

.195 

14.00 

.106 

6 

.252 

.142 

2.30 

.086 

37 

.258 

.242 

25.20 

.139 

31 

.18 

.264 

26.80 

.097 

35 

.168 

.200 

19.60 

.048 

aMQnts,    Bui.  MIn.  Agr.,  France,  1803, 17O-210. 
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Chemioal  compontion  of  the  soUa  of  France — Continued. 

MARNE— Oontiiuifld. 


Descriptton  and  kwaUty. 


VQl»«ii-Ttfd8Doi8:  Pargny. 


Vinedomange. 

Couixnas 

Boozy 


Oijgtaial 

aamplA 

No. 


1 
3 


Potash 
(KjO). 


PereetU. 
a  186 
.168 
.346 
.346 
.38 
.144 
.368 
.281 
.684 
.623 
.180 
.367 


Pboapliocio 
acid 

(PiO»). 


Lima 
CBCOa). 


liagDBsfaini 
(MgO). 


CHARENTE-mFERIEURS.a 


Porigny.. 
Chevillon. 


LOIRE-INFERIEURE.» 


O.OW 
.  X42 
.  146 

.  124 
.  147 


a  VernQuil,    Prog.  Agr.  Vf tioole,  21, 481  (1894).       »  Bq],  Sta.  do  la 


Noiay 

1 

ao7 

0.08 
.04 

c 

3 

.05 

8 

.04 

.04 

4 

.10 

.05 

6 

.03 

-07 

6 

.06 

.06 

7 

.07 

.03 

8 

.13 

«  16 

9 

.03 

-  17 

r 

10 

.07 

.OS 

11 

.03 

.00 

13 

.11 

-07 

13 

.03 

.osl 

14 

.05 

-06 

15 

.06 

-  IJS 

16 

.10 

.  1-4 

17 

.08 

-  xa 

18 

.08 

-xa 

19 
20 

.09 
.13 

-xS 

21 
22 

.04 

.11 

-08 

23 

.06 

-  XO 

2-> 

.04 

-  xa 

. 

25 
26 
27 

.06 
.06 
.04 

-  xa 
•  xs 

•  XX 

28 

.11 

-  xa 

29 
30 

.11 
.06 

xa 

-oo  1 

31 
32 

.04 
.07 

• 

33 
34 
85 
86 
87 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

.06 
.13 
.06 
.07 
.05 
.03 
.06 
.06 
.04 
.06 
.04 
.07 
.05 
.10 
.18 
.00 
.06 
.13 

-06 
-  XX 

-95 
•  oa 
•9« 

•29 

-ory 

-xa 
-xa 

\ 

aQ7 

.05 
.06 
.13 
.02 
.09 
.02 
.09 
.04 

'^ 
.03 

.11 

.03 

.08 

.07 

.12 

.09 

.10 

.12 

.04 

.00 

.11 

.11 

.08 

.04 

.06 

.W 

.04 

.00 

.04 

.06 

.09 

.18 

.01 

.03 

.02 

.04 

.06 

.17 

.06 

.06 

.08 

.22 

.07 

.W 

.04 

.08 

.06 


.10 

.» 

.OS 

.»■ 

.i: 

Ji 
.iS 


.SB 
.14 
Jil 
.18 
.'& 
.M 
.!( 


.01 


.OS 
.0! 
.05 

.(»     , 

•S 
.c  1 


.08 
.V 

.OS 
.C>l 

.09 


.If 


4uni 


,,190(H)1. 
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Chemical  eompontion  of  the  ioili  of  France — Continued. 
LOIRE-INFERIEURE—Contlnued. 


DcficriptloD  and  k)caUt]r. 

Oiigiiial 

sample 

No. 

Potash 

(K,0). 

Phosphoric 

acid 

(PtO»). 

Lime 
(CaCOi). 

Magnesiain 
(MgO). 

Percent. 

Percent. 

Percent. 

Percent. 

Nozay 

61 
62 

ai2 

.10 

0.12 
.13 

an 

.11 

a  10 

.06 

63 

.11 

.10 

.13 

.05 

64 

.16 

.11 

.12 

.07 

65 

.13 

.10 

.11 

.05 

66 

.11 

.11 

.11 

.13 

67 

.08 

.08 

.11 

.06 

68 

.12 

.08 

.07 

.08 

68 

.08 

.10 

.10 

.08 

eo 

.11 

.10 

.10 

.10 

61 

.16 

.13 

.18 

.07 

62 

.08 

.10 

.10 

.11 

63 

.10 

.12 

.15 

.14 

64 

.08 

.11 

.08 

.10 

66 

.08 

.06 

.11 

.23 

66 

.03 

.04 

.04 

.18 

67 

.03 

.06 

.06 

.21 

68 

.04 

.06 

.06 

.18 

08 

.06 

.11 

.12 

.38 

70 

.13 

.11 

.15 

.43 

71 

.08 

.08 

.08 

.26 

72 

.07 

.07 

.06 

.18 

73 

.06 

.06 

.14 

.25 

• 

74 

.14 

.06 

.07 

.18 

76 

.07 

.06 

.07 

.15 

■ 

76 

.08 

.03 

.11 

.07 

77 

.03 

.02 

.04 

.04 

78 

.06 

.02 

.06 

.07 

78 

.02 

.08 

.04 

.04 

60 

.04 

.01 

.05 

.08 

81 

.02 

.01 

.03 

.06 

82 

.06 

.01 

.06 

.08 

88 

.08 

.05 

.07 

.06 

84 

.03 

.02 

.03 

.03 

86 

.07 

.08 

.12 

.04 

■ 

86 

.11 

.10 

.13 

.07 

87 

.08 

.06 

.00 

.04 

88 

.12 

.10 

.15 

.10 

88 

.06 

.06 

.08 

.04 

80 

.05 

.07 

.06 

.06 

81 

.07 

.03 

.04 

.06 

83 

.04 

.03 

.04 

.01 

83 

.08 

.08 

.14 

.11 

84 

.06 

.05 

.OR 

.16 

86 

.08 

.06 

.10 

.05 

86 

.13 

.06 

.14 

.06 

87 

.12 

.08 

.18 

.11 

88 

.11 

Traoo. 

.02 

.06 

88 

.10 

.06 

.14 

.07 

100 

.14 

.06 

.08 

.06 

101 

.ISl 

.06 

.18 

.10 

102 

.12 

.08 

.14 

.10 

103 

.15 

.06 

.22 

.16 

104 

.12 

.06 

.18 

.12 

106 

.08 

.08 

.20 

.14 

100 

.06 

.08 

.10 

.06 

107 

.18 

.10 

.15 

.12 

108 

.07 

.07 

.11 

.06 

108 

.06 

.11 

.15 

.10 

110 

.13 

.12 

.16 

.18 

111 

.08 

.12 

.13 

.12 

112 

.04 

.12 

.31 

.02 

113 

.08 

.10 

.24 

.07 

114 

.08 

.11 

.15 

.10 

116 

.08 

.08 

.20 

.11 

116 

.10 

.11 

.20 

.10 

117 

.13 

.13 

.17 

.12 

118 

.06 

.07 

.18 

.12 

118 

.10 

.13 

.10 

.12 

120 

.15 

.14 

.14 

.23 

121 

.07 

.08 

.06 

.04 

122 

.03 

.04 

.04 

.06 

123 

.06 

.12 

.31 

.11 

124 

.05 

.11 

.23 

.06 

\ 

126 

.06 

.16 

.23 

.08 

126 

.07 

.12 

.  .13 

.06 

127 

.11 

•19 

.13 

.15 

, 

128 

.12 

.10 

.10 

.13 

128 

.13 

.14 

.08 

.06 
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Chemical  compontion  of  the  soils  of  France — Continued. 
LOIR£-INFERIEURE-Ck>ntiiiaed. 


Description  and  locality. 


Nofiay 


Original 

sample 

No. 


St.  Vlaud:  Plessis-Orlmaud  (appx.  2fi0  hec- 
tares)  


130 
131 
1S2 
133 
134 
135 
136 
137 
13S 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
lo.") 
154 
155 
156 
157 
15S 
•159 
160 
161 
162 
163 
164 
166 
166 
167 
168 
169 
170 
171 
172 


Potash 

(K«0). 


Phosphoric 

acid 

(PtO»). 


Per  cent. 
a06 
.10 
.20 
.13 
.06 
.06 
.06 
.07 
.09 
.03 
.02 
.14 
.07 
.07 
.06 
.00 
.09 
.12 
.09 
.06 
.10 
.10 
.10 
.08 
.13 
.13 
.11 
.06 
.07 
.07 
.06 
.13 
.07 
.00 
.06 
.06 
,18 
.04 
.06 
.04 
.21 
.10 
.13 

.07 
.21 
.17 
.14 
.12 
.23 
.21 
.09 
.17 
.20 
.24 
.12 
.14 
.22 
.19 
.16 
.21 
.17 
.10 
.14 
.14 
.15 
.21 
.15 
.10 
.16 
.12 
.18 
.15 
.10 
.17 
.15 
.12 
.11 
.20 
.09 


Percent, 
a06 
.14 
.07 
.05 
.04 
.07 
.07 
.OS 
.07 
.03 
.03 
.09 
.07 
.11 
.18 
.09 
.04 
.08 
.04 
.08 
.04 
.07 
.07 
.06 
.03 
.07 
.06 
.02 
.05 
.03 
.02 
.06 
.00 
.06 
.02 
.03 
.04 
.03 
.07 
.04 
.06 
.07 
.09 

.08 
.09 
.04 
.04 
.06 
.08 
.06 
.06 
.04 
.09 
.03 
.06 
.06 
.06 
.07 
.07 
.06 
.05 
.09 
.06 
.04 
.06 
.05 
.06 
.05 
.06 
.04 
.06 
.08 
.07 
.08 
.09 
.04 
.06 
.06 
.04 


lime 
(CsCOi). 


Percent. 
a  13 
.00 
.15 
.09 
.06 
.15 
.07 
.12 
.12 
.05 
.04 
.32 
.09 
.11 
.62 
.15 
.06 
.18 
.10 
.13 
.11 
.09 
.09 
.06 
.10 
.18 
12 
.04 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.08 
.09 
.05 
.06 
.06 
.14 
.11 
.20 

.16 
.17 
.20 
.26 
.16 
.13 
.10 
.16 
.16 
.13 
.35 
.32 
.18 
.18 
.12 
.16 
.18 
.47 
.16 
.30 
.24 
.08 
.80 
.15 
.18 

.  .27 
.14 
.11 
.22 
.39 
.18 
.33 
.13 
.12 
.10 
.07 


Per  eat. 

.QB 
no 

.« 
.06 
.04 
.IT, 

.oe 

.02 
.U 
.OF' 
.llh 
.IJ 
.ft 
M 

.21 
•n 

.13 
.H 
.11 

.le 
.It 


M 

.tt 
.or 

M 

.9 
.11 
3 
.31 

.« 
I 
.W 
S 
.» 

.s 

.13 

.U 

'i 

.13 
.21 

.Ob 

.ts 

M 
.60 
.3 

.12 
.31 
.» 

.» 
.3: 
.44 
,3 
.3) 
.14 

.r 

.31 
.24 

.35 
.l^ 
.f 
.15 
.3 
.5 
.34 
.» 
.« 
.B 
.0 
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Chemical  composition  of  the  soils  of  France — Continued. 
LOIKE-INFERIEURE-Ck)ntinued. 


Description  and  locality. 

Original 

sample 

No. 

P<ytash 
(K,0). 

Phosphoric 

acid 

(PfOj). 

Lime 
(CaCOi). 

Magnesium 
(MgO). 

Bt.  Vlaud:  Flessis-Qrimaad 

Per  cent. 
0.10 
.18 
.20 
.18 
.12 
.15 
.10 
.11 
.15 
.20 
.14 
.12 
.25 
.12 
.18 
.20 
.22 
.12 
.20 
.22 
.25 
.25 
.24 
.22 
.23 
.21 
.22 
.16 
.12 
.13 
.10 
.14 
.18 
.17 
.61 
.16 
.16 

Per  cent. 
0.10 
.06 
.06 
.08 
.04 
.07 
.06 
.05 
.06 
.06 
.08 
.04 
.08 
.04 
.07 
.08 
.06 
.07 
.06 
.09 
.06 
.03 
.07 
.05 
.07 
.06 
.07 
.06 
.06 
.06 
.04 
.06 
.06 
.06 
.04 
.04 
.04 

Per  cent. 
0.06 
.08 
.20 
.12 
.11 
.21 
.15 
.12 
.27 
.12 
.22 
.06 
.09 
.06 
.21 
.10 
.16 
.09 
.10 
.18 
.15 
.17 
.12 
.09 
.07 
.09 
.27 
.10 
.30 
.19 
.47 
.18 
.11 
.88 
.17 
.18 
.16 

Percent. 
0.04 

.07 

.09 

.51 

. 

.72 

.76 

.54 

.45 

• 

.39 

.20 

.17 

.27 

.20 

.04 

.36 

.25 

.34 

.21 

.12 

.37 

.31 

.61 

.11 

.05 

.09 

.20 

.10 

"""•■*••"• 

.12 

.16 

.17 

.18 

.10 

.09 

.68 

.12 

.10 

.09 

HERAULT.a 


Capestang:  Alluvions  do  Capestang. 


Murviel:  Alluvions  de  TOrb. 

Thdzan 

Lignan 

Sauvlan 

Lignan 

Beziers 


Villeneuve. 


Lleuran :  Alluvions  de  LIbron 

Beziers 

Servian:  Alluvions  de  la  Tongue. 


Saint-Thibery:  Alluvions  de  I'H^rault. 

Bessan 

Agde 


Agde:  Sables  des  dunes 

Lieuran:  Diluvium  deTEpinouse. 

Servian 

SaintpThlbery 


Beziers 

Servian:  D^pdts  fluvio-volcaniques. 
Agde:  Terrain  plioctoe 


Servian 

Autlgnec:  Terrain  mioctoe. 

Murviel 

Pomerols 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


a  131 
.114 
.117 
.158 
.10 
.172 
.149 
.139 
.131 
.175 
.182 
.134 
.107 
.15 
.171 
.171 
.164 
.195 
.168 
.174 
.20 
.047 
.167 
.143 
.192 
.076 
.147 
.135 
.122 
.258 
.121 
.164 
.102 
.127 
.20 


0.095 
.087 
.132 
.107 
.07 
.09 
.138 
.146 
.179 
.134 
.16 
.101 
.071 
.137 
.108 
.154 
.155 
.14 
.20 
.167 
.133 
.088 
.04 
.042 
.055 
.06 
.056 
.047 
.26 
.114 
.082 
.061 
.15 

.119 


15. 164 

8.512 

2.918 

3.87 

.006 

.437 

3.466 

5.60 

3.816 

2.635 

4.584 

6.889 

L38 

6.364 

8.288 

6.944 

7.224 

7.28 

7.112 

8.344 

8.848 

n.088 

L686 

.003 

.431 

.781 

.890 

.706 

3.147 

L419 

17.64 

3.214 

12. 712 

6.72 

10.92 


a Lagatuand  Semichon.    Mat^aux  pour  une  £tude  des  Torres du  D^partement  de  I'H^rault,  1893;  Prog. 
Agr.  et  Vitu.,  19,  IOC,  162, 179,  233,  276,  447,  489  (1893). 
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Chemical  compotition  of  the  9oils  of  France — Gontiiiued. 

Hi:  RAULT— Continued. 


Deecription  and  locality. 

Original 

sample 

No. 

Potash 
(K,0). 

Pboaphoiic 

acid 

(PiO»). 

lime 
(CftOO,). 

llafmraium 
(MgO). 

Murvtel 

36 
37 
88 
39 
40 
41 
42 
43 
44 

PereetU. 
a  103 
.044 
.098 
.134 
.^88 
.105 
.266 
.212 
.131 
.286 

PereetU. 
0.121 
.062 
.157 
.162 
.054 

.m 

.136 
.038 
.002 
.139 

PereenL 
1&904 
1&848 
15.344 
11.76 
17.304 
24.136 
28.836 
30.406 
14.84 
23.016 

PereetU. 

Beslers 

Maofftllham .                                        

Capestang 

Plnet.....'.'! 

Beelers 

PInet 

BeEiers 

DORDOaNE.a 


MEURTHB-ET-MOSELLE.b 


Clrey:  Gr6s  blgarr^ 

Bertrichamp:  Orte  blgarr^ 

Mames 

Ai^Ile 


HAUTE-PYRfeN^ES.c 


EURE-ET-LOIR.«l 


6pernay.«i 


Terrains  granittques 

0.256 
.244 
.235 

.08 

.060 

.0612 

.1445 

.001 

.209 

.075 

.097 

.196 

.258 

a034 
.0402 
.046 

.0796 

.095 

.0256 

.0256 

.022 

.060 

.079 

.02 

.051 

.056 

.059 

.0703 

.0615 

0.012 
.0556 
.0401 

CaCOi 

16.00 
64.00 

Trace. 

Trace. 

Trace. 

2.24 
16.00 
.119 

2.77 

2.24 

1.39 
.2225 
.1S4 

• 

1 

Terrains  cr^taoAi. .. . 

Sables  d  u  PMgord 

Salnt-Nexans:  Bouvdes  areilo-sllloeuaes 

Lunas:  Bouvtessilico-arKiieuaes 

Ldves 

Saint- Alv^ 

Landais:  Terrains  tertiaires 

.319 

Terrains  quatemaires 

.15 

.189 

ai25 

0. 1717 
.0901 
.1819 
.1972 

a0623 
.0212 
.0669 
.0634 

ao»4 

.028 

.0532 

.1512 

a  075 

.10 

.0» 

.08 

Vall^  de  LuE '. 

1 
2 
3 
4 

0.455 
.088 
.097 
.287 

ai23 
.202 
.394 
.128 

0.0107 
.0171 
.082 
.0137 

Prairie  Irrigate 

Prairie  tourbeuse 

Prairie  s^be 

206 

0.096 

aoeo 

a84 

a  14$ 

210 

.081 

.QSO 

.39 

.10 

212 

.096 

.061 

.49 

.oes 

214 

.106 

.046 

.91 

.096 

216 

.064 

.066 

1.09 

.OS 

220 

.086 

.036 

.84 

.o» 

222 

.076 

.084 

.58 

.0#3 

224 

.098 

.061 

5.60 

.084 

226 

.072 

.06 

.47 

.675 

228 

.079 

.047 

.42 

.<n$ 

230 

.066 

.051 

.58 

.066 

Aoise:  MesnIl-sur-Oger. 


1 
2 


a  178 

.169 


0.186 
.157 


28.95 
41.65 


I 


aoss 

093 


a  Ann.  Inst.  Nat.  Agron.  Prance.  14,  61  (1891-92;. 

t>  Bourgeois.    Chaire  departmentaie  d 'agriculture.    Rapports,  1891. 

cFaure.    Ann.  Inst.  Nat.  Agron..  13, 117  (1888-91). 

((Commission  mdttorologique d'Eure^t-Loir,  Rapports  sur  les champs  d'ezperleDceB,  1891-1883. 
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There  have  been  1;550  samples  reported  upon  from  France  with 
the  extreme  range  for  potash  0.02  to  1.30  per  cent;  phosphoric  acid 
0.01  to  7.14  per  cent,  lime  0.003  to  94.70  per  cent,  and  magnesia  0.001 
to  1.657  per  cent. 

Chemical  composition  of  the  soils  of  Germany. 


Description  and  locality. 

Original 

sample 

No. 

Potash 
(KtO). 

Phosphoric 

acid 

(P«00. 

Lime 
(CaO). 

Magnesia 
(MgO). 

BEsas.o 

Percent, 
a25 
.32 
.31 
.11 
.23 
.14 
.15 
.21 
.57 
.37 
.37 
.45 
.20 
.31 
.22 
.38 

Percent. 
a  17 
.13 
.12 
.15 
.18 
.09 
.07 
.02 
.12 
.10 
.11 
.05 

Percent. 

a35 

.39 

.37 

.  89 

.30 

.52 

.10 

.13 

3.16 

14.97 

12.41 

20.20 

28.80 

5.55 

13.60 

.38 

3.24 

15.95 

6.85 

6.46 

17.68 

2.12 

3.41 

4.73 

9.00 

.100 

.2505 

.2243 

.1991 

.1336 

.1292 

.05 

.067 

.134 

.109 

.095 

.082 

.156 

.035 

.185 

.072 

.048 

.15 

.182 

.147 

.153 

.14 

.14 

.233 

.171 

5.783 
.087 
.806 
.70 
.847 
.20 
.683 
.343 

2.607 

Percent. 
0.31 

Basalt 

•»«•*■••■• 

.38 

.30 

1.16 

Qrauwacke 

1.15 

Muschelkalk 

1.75 

"TaiinnsgflfltebM*". ... 

243 

411 

67 

6 

15 

1 

5 

3 

10 

25 

58 

7 

8 

16 

16 

10 

21 

SO 

12 

.06 

Devonlen 

.08 

•*  Rotlleeendes  " 

1.13 

1.76 

1.42 

.83 

'     2.16 

Dllnyltun ... 

.12 
.30 
.06 
.06 
.09 
.26 
.16 
.26 

.78 
.19 
.06 

.06 

Alluvium. 

.10 
.26 
.22 
.11 
.35 
.28 
.29 
.21 

.004 

.133 

.0036 

.0572 

.0577 

.0624 

.060 

.076 

.068 

.06 

.065 

.044 

.068 

.038 

.058 

.03 

.026 

.03 

.061 
.065 
.068 
.052 
.049 
.037 
.039 
.078 
.037 
.078 
.061 
.061 
.092 
.039 
.066 
.103 

1.50 
1.05 

.45 
2.07 

.63 

.14 
.25 

.42 
.83 
.87 

PBUa8U.b 

Etelln:« 

Koppenow .•...,.  r ,,,-,- . 

.0700 

.0853 

.0603 

.0667 

.0488 

.0881 

.118 

.075 

.037 

.044 

.065 

.06 

.089 

.063 

.099 

.079 

.092 

.073 

.106 

.096 

.094 

.094 

.098 

.09 

.063 

.133 

.069 

.106 

.065 

.042 

.054 

.018 

.053 

.03 

Dubbenin 

Qroas-Sllber 

Relnwasw'  ...   

Kl.-Splegel 

Garden 

Helenenau 

Landechow 

Schlns 

.......... 

Breltenbeii: 

Or.-Mellen 

Knick 

• 

KalDOfoto 

.422 

Mesosolc 

.199 

.175 

.154 

.137 

.163 

.059 

.261 

.044 

.333 

.103 

.43 

.028 

.042 

.103 
.533 

a  Habemoll,  ICitt.  Landw.  Inst.  kOnig.  Univ.  Breslau,  2, 147  (1899).  Haselhoff,  FtOilingsIandw.  Ztg.,  55, 
73  (1906). 

b  Baessler,  Ber.  Th&t.  Agrik.-Chem.  Versuchs-und  Samenoontrolstatlon,  KSslln,  1897, 1899. 

«Thei  potash  analyses  were  made  with  10  per  cent  hydrochloric  acid.  The  phosphoric  add  and  lime 
results  are  based  upon  complete  analyses. 

d  Wohltmann,  Dins  Nahrestoft-Kapltal  westrdeutscher  B5den,  Bonn,  1901.  Analyses  with  oold  hydro- 
dilorio  add. 
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Chemical  compotition  of  the  soils  of  Germany — Continued. 


Description  and  locality. 


wxsT  PBuaaiA  a— continued. 


Mesoioic 


Paleoioic. 


Eruptive  rocks. 
Humus  soils 


Heavy  soils. 


Ifadiumiolli. 


Light  soils. 


Westphalia  b  LflntenDOmera. 


Wettzingen,  Bilk,  and  Haddrap: 


1(a) 


Original 

sample 

No. 


3 

8 

13 

21 

5 

7 

9 

11 

17 

20 

22 

23 

27 

28 

20 

1 

2 

12 

14 

18 

24 

25 

26 

4 

6 

10 

15 

16 

19 

30 

1 

9 

20 

4 

3 

2 

18 

11 

5 

13 

22 

24 

25 

26 

7 

8 

16 

0 
3 
5 
8 
9 
15 
0 
1 


(KiO). 


PereenL 
0.113 
.031 


.056 

.039 

.06 

.077 

.047 

.186 

.144 

.026 

.188 

.123 

.04 

.129 

.179 

.212 

.14 

.34 

.10 

.05 

.15 

.48 

.21 

.17 

.30 

.17 

.75 

.28 

.58 

.26 

.18 

.17 

.11 

.18 

.17 

.16 

.16 

.09 

.19 

.21 

.11 

.04 

.07 

.07 

.07 

.08 

.047 

.063 

.265 

.049 

.419 

.074 

.024 

.148 

.304 

.129 

.031 

.025 

.03 

.066 

.149 

.05 

.256 

.029 

.083 

.051 

.019 

.04 

.019 

.092 

.063 


Phospliorlo 
acid 

(P«0.). 


Percent. 
0.025 
.06 
.021 
.045 
.047 
.063 
.115 
.160 
.058 
.171 
.034 
.235 
.102 
.028 
.002 
.041 
.200 
.22 
.44 
.13 
.20 
.35 
.13 
.32 
.11 
.00 
.12 
.13 
.11 
.13 
.10 
.00 
.00 
.06 
.06 
.08 
.12 
.00 
.00 
.16 
.10 
.23 
.10 
.08 
.00 
.00 
.10 
.016 
.036 
.028 
.022 
.061 
.016 
.016 
.023 
.015 
.010 
.010 
.026 
.011 
.020 
.04 
.012 
.01 

.08 
.018 
.003 
.011 

Trace. 
.02 
.000 


Lime 
(CaO). 


J*ereewt. 
22.067 
8.24 
.183 
.347 
.127 
.027 
.28 
.  386 
4.403 
2.60 
.087 
.297 
1.63 
Trace. 
.293 
.753 
1.840 
1.03 
2.85 
1.40 
2.37 
1.01 
.88 
.77 
.10 
.86 
.84 
L77 
.41 
.67 
.31 
.44 
.88 
.10 
.40 
.36 
.27 
.17 
.16 
6.40 
.18 
.43 
.11 
.13 
.18 
.26 
.17 
.076 
.128 
.077 
.157 
.571 
.157 
.225 
.152 
.081 
.251 
.178 
.192 
.103 
.40 
.027 
.017 
.025 

.097 
.102 
.133 
.007 
.007 
.079 
.036 
.20 


ICagDPsis 

nSgO). 


PercnL 

a  113 

.2C 
.144 
.084 

.017 

.0.5 

.049 

.216 

.37 

.019 

.6J9 

.144 

.019 

.OTJ 

.17f. 

.574 


.063 

.04$ 
.OS 
.032 


a  Schmoeger  Landw.  Jahrb..  vol.  34,  p.  ICO  (1905). 
two  soils  were  treated  with  hot  concentrated  hydrochloric  acid.    The  toWo'winu^-v^^  ^^904).    The  Oist 
double-strength  hydrochloric  acid,  and  for  the  last  two  soils  complete  analys<S^^^**     ^'®'*  ^^^^^^ 


fr  Haselhotf  and  Breme.    Die  Haidebdden.  WestHeaens,  1899  to  1903. 


Blanck,  Landw.  Vei^.-sto    m\  ai^  /,~..^     m..  *_» 
ilorio  w»lrt     Th«  frtii^^_J*g  00,  407  (1904).    The  fiist 

are  given. 


I 
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Chemical  compontion  of  the  toils  of  Germany — Continued. 


Deacriptlon  and  locality. 

Original 

sample 

No. 

Potash 
(K,0). 

Phosphoric 
acid 

(PfO*). 

Lime 
(CaO). 

Uagnesia 
(MgO). 

incsT  PBU88U— continued 

Wettringen,  Bilk,  and  Haddrup— Con. 

PereetU. 

Percent. 

PeretfU. 

Percent. 

I 

4 

0.04 

0.021 

0.01 

a029 

9 

.024 

.021 

.029 

.031 

11 

.009 

.003 

.05 

.036 

10 

.014 

.002 

.125 

Trace. 

19 

.033 

.029 

.148 

.043 

, 

31 

.019 

.044 

.255 

.025 

II 

1 

.019 

Trace. 

.075 

.089 

2 

.01 

.070 

.126 

.071 

5 

.033 

.022 

.097 

.016 

6 

.032 

.01 

.203 

.00 

12 

.060 

.00 

.00 

.00 

16 

.023 

.016 

.056 

.00 

. 

21 

.023 

.016 

.080 

.00 

25 

,051 

Trace. 

.032 

.01 

Ill 

1 

.049 

.014 

.143 

.003 

2 

.026 

.008 

.00 

.018 

5 

.057 

Trace. 

.072 

.035 

. 

10 

.04 

.005 

Trace. 

.033 

13 

.018 

.006 

.18 

Trace. 

IV 

1 

.019 

.00 

.01 

.00 

5 

.024 

.014 

.003 

.024 

10 

.05 

.007 

.138 

.004 

V 

1 

.013 

.0G6 

.176 

.025 

3 

.014 

.017 

.182 

.014 

5 

.066 

.066 

.058 

.20 

8 

.014 

.00 

.139 

.081 

VI 

1 

.028 

.08 

.014 

.006 

2 

.024 

.018 

.028 

.014 

6 

.016 

.028 

.286 

.088 

VII 

2 

.016 

.016 

.081 

.081 

7 

.019 

.016 

.261 

.008 

16 

.008 

.012 

.026 

.007 

22 

.027 

.014 

.  .06 

Trace. 

VllI 

1 

.023 

.11 

.05 

Trace. 

8 

.014 

.066 

.076 

.028 

12 

.088 

.031 

.07? 

.028 

16 

.027 

.007 

.01 

.016 

20 

.028 

.018 

.063 

.002 

IX 

2 

.091 

.066 

.068 

.102 

12 

.06 

.026 

.043 

.099 

14 

.023 

.00 

.041 

.061 

20 

.029 

.00 

.051 

.092 

21 

.032 

.00 

.076 

.037 

28 

.036 

.028 

.083 

.018 

32 

.049 

.013 

.065 

.017 

X 

4 

.027 

.016 

Trace. 

.031 

9 

.061 

.014 

Trace. 

.014 

13 

.044 

.023 

.155 

.004 

16 

.053 

.013 

.075 

Trace. 

Handorf  and  Tel£te 

13 

008 

.071 

.112 

018 

^>-A  W&fl%A^#A  ■      VMBA^A        ^   ^J^  J%  9^^0  •«•••■■■*■•■■■*•••■•*«•■■ 

6 

.075 

•  Vff  A 

.012 

.023 

.006 

1 

.067 

.019 

.077 

.022 

2 

.068 

.032 

.135 

.017 

.3 

.026 

.025 

.119 

.005 

5 

.012 

.038 

.00 

.008 

10 

.106 

.028 

.114 

.032 

15 

.127 

.051 

.046 

.129 

20 

.114 

.053 

.165 

.131 

1 

.103 

.041 

.023 

.17 

8 

.087 

.043 

.112 

.123 

10 

.05 

.032 

.096 

.087 

18 

.068 

.097 

.092 

.08 

20 

.025 

.16 

.16 

.14 

St.  Maurits,  Gelmer,  and  Glmbte 

3 

.023 

.039 

.365 

.062 

4 
5 

.129 
.071 

.027 
.028 

.178 
.042 

• 

« 

trace*. 

• 

7 

.01 

.039 

.543 

.     .045 

8 

.201 

.028 

.337 

.094 

9 

.086 

.036 

.117 

.00 

12 

.157 

.058 

.154 

.02 

12 

.053 

.024 

.348 

.00 

15 

.093 

.04 

.138 

.01 

Wledenbrflck 

1 

.054 
.083 

.021 
.053 

.12 
.348 

.113 

.053 

.083 

.062 

.288 

.079 

.073 

.07 

.961 

.278 
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DeacripUon  and  locality. 


▼XBT  pftussu— continued. 
WiedflDbrack— Continaed 


Original 
Mmnte 
NoT 


2 
6 
6 

8 

14 

17 

18 
19 

20 

21 
22 
28 
24 

25 
26 
27 
28 

29 

10 

21 
82 
85 


87 
89 
40 
42 


43 
4i5 

47 
48 
50 

61 

52 


58 

54 
56 

57 

58 
50 
61 
62 


Potash 
(K«0). 


Percent 

ao6 

.078 

.115 

.045 

.009 

.148 

.023 

.!« 

.048 

.006 

.023 

.004 

.004 

.014 

.026 

.006 

.051 

.021 

.017 

.03 

.101 

.092 

.018 

.040 

.064 

.043 

.017 

.088 

.157 

.07 

.081 

.099 

.014 

.042 

.123 

.019 

.033 

.061 

.041 

.076 

.065 

.04 

.024 

.083 

.062 

.042 

.066 

.020 

.068 

.025 

.051 

.085 

.06 

.016 

.013 

.009 

.032 

.047 

.053 

.062 

.061 

.126 

.165 

.041 

.031 

.015 

.03 

.063 

.042 

.036 

.034 

.048 

.006 

.079 

.091 

.066 


Phoflptaorio 

acid 

(PtOs). 


Lime 
(CaO). 


Maeools 


Percent. 
a082 
.006 
.024 
.011 
.022 
.011 
.078 
.10 
.027 
.009 
.050 
.016 
.028 
.082 
.037 
.031 
.066 
.034 
.029 
.029 
.03 
.018 
.018 
.029 
.014 
.027 
.066 
.024 
.016 
.084 
.06 
.014 
.064 
.009 
.014 
.016 
.032 
.022 
.016 
.006 
.01 
.011 
.021 
.041 
.038 
.028 
.026 
.006 
.019 
.022 
.021 
.009 
.032 
.036 
.029 
.018 
.018 
.036 
.019 
.029 
.003 
.032 
.012 
-018 
.009 
.037 
.OC6 


005 

ac6 

Oil 


006 
081 
008 


PereenL 

a  108 

.075 
14 
068 
018 
418 
183 
105 
194 
062 
088 
073 
116 
174 
091 
079 
205 

lis 

06 

04 

165 

08 

21 

04 

061 

12 

048 

003 

078 

085 

012 

028 


063 

06 

14 

23 

51 

035 

048 

028 

023 

073 

00 

07 

10 

178 

085 

08 
023 
04 
03 


15 

143 

043 

056 

04S 

046 

046 

085 

088 

063 

074 

123 

055 

012 

023 

09 

11 

038 

^. 
005 

013 
01 


PtrctfL 

aofi 

.OH 

.OS 

.017 

.083 

.076 

.081 

.MS 

.01 

.031 

.flZJ 

.032 

.191 

.OS 

.03 

.013 

.014 

.015 

.03 

.012 

.009 

.036 

.036 

.011 

.01 

.015 

.064 

.OS 

.016 

.015 

.011 

.000 

.OS 

.0)5 

.02 

.003 

.OS 

M 

.006 


.015 
.038 
.043 
.037 
.034 
.019 
.016 
.013 
.006 


.08 

.014 
.Oil 


.fl0» 

.oifl 

.005 
.10 
.0* 

.005 

.00? 
Tr«(* 

.00* 
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ChetMcal  compontion  of  the  9oUs  of  Gemtanf^ — Continued. 


Dewttption  and  locality. 

Original 

sample 

No. 

Potash 
(K«0). 

Phosphoric 

acid 

(PiOO. 

Lime 
(CaO). 

fa?oT 

WEST  PBV88IA— oontinned. 
Arendseeo 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

Per  cent. 
a065 
.116 
.074 
.094 
.191 
.446 
.339 
.167 
.510 
.277 
.3336 
.3486 
.68 
.81 
.14 
.15 
.34 
3.10 
3.23 

2.23 
2.14 
.73 
.89 
.62 
.26 
.17 
.45 
.41 
.43 
.44 
.39 
.62 
.44 
.44 
.38 
.46 
.33 
.24 
.62 
.37 
.38 
.33 
.33 
.82 
.46 
.57 
.54 
.32 
.43 
.49 
.55 
.56 
.60 
1.00 
.18 
.39 
.35 
.59 
.66 
.68 
.62 
.56 

.091 
.077 
.099 
.088 
.046 

Per  cent. 
0.048 
.156 
.072 
.05 
.093 
.084 
.148 
.06 
.814 
.158 
.1180 
.1113 
.09 
.18 
.13 
.11 
.11 
.252 
.245 

.25 

.21 

.21 

.18 

.23 

.12 

.06 

.06 

.13 

.26 

.15 

.11 

.06 

.18 

.11 

.16 

.10 

.13 

.10 

.12 

.11 

.13 

.09 

.16 

.16 

.11 

.14 

.18 

.10 

.12 

.12 

.20 

.19 

.19 

.28 

.06 

.11 

.10 

.151 

.152 

.193 

.235 

.25 

.276 

.27? 

.256 

.34 

.183 

Per  cent. 
a  343 
.317 
.912 
.285 
.563 
.964 
&75 
.503 
4.019 
.81 
1.059 
1.093 
.41 
.48 
.50 
.38 
1.06 
1.99 
1.82 

4.34 

4.24 

5.86 

6.57 

7.09 

.43 

2.52 

.10 

.14 

.50 

3.28 

3.28 

.11 

.19 

.24 

.28 

Per  cent. 
0iO41 

W  essaig  « 

.133 

Harpeo 

.048 

SchurlKsho(.<> 

.074 

Sch  vemsal « 

.342 

Laucbst&dta 

.62 

Vitsenburg  « 

WesBxiig  « ,  . . 

.338 

East  Prussia 

1.257 
.836 
.2026 

OLDENBVB0.fr 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

.1529 
1.16 
1.87 
1.17 

.79 

.18 
1.00 
1.18 

1.66 

1.41 
1.71 
1.81 
1.85 

.21 

.95 

.42 

.39 

.33 

1.53 

1.26 

1.16 

.78 

.39 

.69 

2.40 

.46 

.46 

.47 

.49 

4.99 

4.48 

.52 

.46 

2.27 

3.87 

4.88 

5.16 

5.28 

4.82 
3.51 
2.77 
2.13 
1.50 

Blauhandter  Groden 

EHenaerdamnier  Groden 

Friedrich  August  Groden. 

Peters  Groden 

BAVABIA  AND  WVETTEMBEBO.  c 

Moor  soils 

606 
507 
610 
609 
612 

a  Scbneidewind .  Meyer,  and  Frese.  Land w.  Jahrb.,  35. 927  (1906).  Analyses  made  with  10  i>er  cent  hydro- 
cblonc  acid,  except  in  the  case  of  pbospboric  acid,  wbere  complete  analyses  arc*  given. 

b  Scbucbt.  Jour.  Landw..  53.  p.  322  (1905).  Maercker.  Zusammensetxung  una  DQngerbediirtnis  Olden- 
burg Marscberden  und  deren  Bewirtschaftung.  Berlin,  1890. 

cVierteiJabresschr.  bayer.  Laodw.-Rat,  lO,  Ber.  Arbetten  Moorkult.  1904. 
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Chemical  compontion  of  the  9oiU  of  Germany — Continued. 


Description  and  locality. 


BAVARIA  AND  -VtTRTEMBTTRG— continued. 

Moor  soils 


Loess  soils  o. 


Original 

sample 

No. 


611 
413 
232 
233 
234 
235 
09 
248 
223 
219 
243 
246 
224 
451 
242 
241 
249 
452 
453 
222 
454 
247 
244 
220 
221 
237 
245 
239 
240 
236 
238 
580 
581 
593 
594 
592 
585 
589 
591 
595 
577 
586 
578 
583 
575 
572 
579 
587 
576 
574 
588 
584 
500 
582 
573 
544 
542 
1076 
547 
540 
541 
536 
1074 
1071 
539 
537 
538 
543 
546 
1073 
1075 
1072 
545 
1 
2 
3 
4 
5 


Potash 
(KiO). 


Percent. 

a066 

.060 


.237 

.1265 

.067 

.0754 

.0761 

.0611 

.0669 

.0738 

.0665 

.0565 

.0617 

.0638 

.0588 

.0478 

.C645 

.0682 

.0496 


.0467 
.X)508 


.0365 

.0386 

.032 

.0307 

.028 

.0238 

.116 

.097 

.075 

.074 

.065 

.076 

.0586 

.0457 

.064 

.063 

.074 

.078 

.056 

.050 

.061 

.047 

.0451 

.041 

.046 

.043 

.042 

.037 

.033 

.021 

.0794 

.0587 

.0668 

.0673 

.0629 

.0535r 


.058 
.063 
.0482 


.0473 

.039 

.0293 

.042 

.054 

.041 


.15 
.12 
.13 
.14 
.12 


Phosphoric 

acid 

(PtOft). 


Per  cent. 
a266 
.243 
.185 
.211 
.307 
.165 


Lime 
(CaO). 


Percent. 
1.20 
.921 
2.85 
1.19 
1.25 
.471 


lla(;nesb 
(MgO). 


PercaA, 


139 
119 
146 
147 
123 
156 
127 
133 
121 
085 
142 
,127 
,117 
.107 
.129 
.094 
.009 
.094 
.076 
.106 
.003 
.085 
.066 
.061 
.097 
.098 
.125 
.151 
.106 
.152 
.121 
.135 
.114 
.18 
.153 
.164 
.108 
.194 
.146 
.162 
.117 
.129 
.127 
.  113 
.068 
.002 
.096 
.  121 
.  184 
.  152 
.  250 
.  206 
.  156 
.  110 
.  164 
.  217 
>  182 
.  158 
106 
083 
130 
074 
20 
207 
•  177 
O04 
16 
13 
13 
IS 
.  09 


.529 

.387 

.681 

.506 

.338 

.454 

.459 

.557 

.331 

.61 

.341 

.254 

.397 

.325 

.421 

.377 

.168 

.535 

.368 

.214 

.371 

.516 

.333 
.36 
.404 
.28 
.257 
.439 
.272 
.217 
.306 
.228 
.24 
.356 
.29 
.289 
.32 
.312 
.336 
.259 
.298 
.367 
.265 
.318 
.517 
.313 
.401 
.383 
.39 
.535 
.826 
.80 
.425 
.419 
.423 
.58 
1.02 
.40 
.615 
.825 
2.73 
.576 
.078 
.906 
.742 
14.95 
1410 
12.50 
16l76 
ia26 


]S 

1.5? 

tnff- 


aHalenke,  Kling  and  Engels,  Vlerteljabressch.  bayer;  Load w. -ft ^^^  ^q,  447  (1905). 
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Chemical  composition  o/the  8oiU  ofGerman}f — Continued. 


Descriptioh  and  locality. 

Original 

sample 

No. 

Potash 
(K,0). 

Phosphoric 

acid 

(PfOft). 

Lime 
(CaO). 

Magnesia 
(MgO). 

BAVARIA  AND  WUBTSMBURQ— continued. 

Loess  soils 

6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Per  cenl. 

a  18 

.13 
.20 

Per  cent. 

a  14 

.11 

.15 

Per  cerU. 
12.20 
1&40 
17.80 
47.00 
.09 
.05 
.17 
.19 
.02 
.00 
.014 
.25 
.52 
&6 
.59 
.50 
.80 
.43 
.064 
.29 
.072 
.242 

Per  cent. 
Trace. 

a29 
.93 
.46 

Middle^sandstone  soils  a 

.06 

.05 

.06 

.06 

.03 

.09 

.19 

.17 

.13 

2.33 

2.47 

.81 

2.58 

2.57 

.109 

.41 

.026 

.102 

.05 
.04 
.07 
.09 
.02 
.09 
.05 
.18 
.34 

.05 

• 

North  Qerman  plain  loess  ^ 

.04 
.19 
.14 
.02 
.27 
.08 
.09 
.15 
1.37 

.25 

.17 

.72 

.70 

Hlffhland..            

.115 
.068 
.08 
.03 

.238 

.64 

.075 

.161 

a  Blanck,  Landw.  Vers.-Sta.,  65, 161  (1906). 

6  Burguy,  Uber  die  BMenvSrhaltnlsse  des  norddeutschen  Flachlandes  in  ihrer  Beziehung  sum  geologi- 
schen  Aufbau  desselben.    Inaug.-Dlss.  Berlin,  1899. 

There  have  been  449  samples  reported  upon  from  Germany  with 
the  extreme  range  for  potash  0.003  to  3.23  per  cent,  phosphoric  acid 
0.003  to  0.814  per  cent,  lime  0.003  to  47.0  per  cent,  and  magnesia 
0.001  to  2.16  per  cent. 

CONCIiXTSIONS. 

A  careful  study  of  the  data  which  have  been  presented  appears  to 
justify  two  conclusions. 

First.  That  the  productivity  of  the  newer  agricultural  soils  of  the 
United  States  and  of  the  older  agricultural  soils  of  Europe,  taken  as 
a  whole  and  for  a  nation,  are  not  declining,  as  is  popularly  supposed. 
Individual  farms  deteriorate  and  soils  wear  out  as  they  have  always 
done,  but  as  a  whole  it  seems  probable  that  we  are  producing  more 
crops  per  acre  than  formerly.  This  is  undoubtedly  due  to  many 
factors;  to  better  and  more  intelligent  cultivation,  more  and  better 
systems  of  rotation  of  crops,  and,  in  later  years,  to  intelligent  use  of 
fertilizers — three  methods  of  control  in  the  hands  of  every  individual 
farmer.  In  addition,  we  must  recognize  the  Increase  in  farm  animals 
and  stock,  the  improvement  in  seed  by  selection  and  breeding,  and 
the  increasing  density  in  population,  which  is  forcing  attention  to 
more  intensive  methods. 

Second.  That  so  far  as  our  information  goes  there  is  apparently  no 
significant  difference  at  the  present  time  between  the  composition  of 
the  older  agricultural  soils  of  Europe  and  the  newer  agricultural  soils 
of  the  United  States  with  respect  to  potash,  phosphoric  acid,  lime, 
and  magnesia. 
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THE  COMPOSITION  OF  COMMERCIAL  FERTILIZERS. 


The  foundation  of  the  material  wealth  of  this  nation  and  its 
position  among  the  nations  of  the  world  is  the  productive  capacity 
of  its  soils,  and,  under  favorable  climatic  conditions,  there  are  three 
principal  methods  of  controlling  this  productive  capacity.  These 
are  cultivation,  including  drainage  and  irrigation;  rotation  of  crops, 
and  fertilization.  Of  these,  cultivation  and  rotation  are  in  the 
hands  of  the  farmer  himself.  Fertilizing  materials,  however,  have, 
to  a  very  large  extent,  to  be  gathered  for  him  from  diflFerent  parts 
of  the  world  and  manipulated  to  some  extent  before  they  are  ready 
to  be  applied  to  the  land.  It  is  with  these  manipulated  materials 
containing  two  or  more  valuable  ingredients,  known  as ' '  mixed  goods,  * ' 
that  this  bulletin  will  deal.  It  is  generally  believed  that  simple 
fertilizers,  such  as  muriate  of  potash,  nitrate  of  soda,  or  plain  super- 
phosphates, when  used  alone  are  neither  as  safe  nor  as  efficient  as 
when  used  in  combination,  and  as  they  can  usually  be  mixed  more 
thoroughly  by  machinery  and  more  cheaply  in  large  quantities,  the 
practice  has  grown  up  of  buying  them  ready  mixed  from  dealers  or 
manufacturers. 

The  character  of  the  materials  which  can  profitably  be  used  in 
these  mixtures  and  the  proportions  in  which  the  valuable  con- 
stituents should  be  contained  for  the  best  results  for  different  soils 
and  crops  have  been  a  perplexing  problem  for  the  manufacturer  as 
well  as  for  the  farmer,  and  have  been  the  subject  of  much  investiga- 
tion by  the  experiment  stations  for  the  past  half  century. 

As  a  result  of  the  investigations  of  the  experiment  stations,  we  know 
a  fair  number  of  fertilizer  materials  which  can  be  obtained  at  prices 
justifying  their  application  to  soils  to  which  they  give  a  moderate 
increase  in  crop  production.  On  account,  however,  of  their  uncertain 
action,  due  largely  to  seasonal  differences  and  changing  soil  con- 
ditions, and  of  our  lack  of  knowledge  as  to  just  how  they  act  on  the 
soil  or  on  the  plant,  we  still  have  little  exact  knowledge  of  the  kind 
of  material  adapted  to  different  soils  or  crops  or  the  proportions  in 
which  the  several  ingredients  should  be  combined. 

Pending  the  results  of  further  investigations  to  settle  these  vitally 
important  problems,  most  of  the  States  have  very  efficient  systems 
of  fertilizer  inspection,  by  which,  mainly  through  chemical  analyses, 
the  farmer  may  determine  whether  he  is  paying  more  for  a  com- 
mercial fertilizer  than  he  would  pay  if  he  purchased  simple  fertilizer 
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recent  of  the  standard  books  on  fertilizers^  asserts  in  the  most  cautious 
way  and  with  many  qualifications  that  com  is  particularly  responsive 
to  phosphates,  cereal  crops  to  nitrates,  grasses  and  clovers  to  phos- 
phoric acid  and  potash,  beets  and  carrots  to  nitrogen,  potatoes  and 
sweet  potatoes  to  potash,  and  truck  crops  to  nitrogen;  and  yet  with 
only  this  meager  information,  not  pretending  to  be  exact  or  invariable, 
we  find  a  multitude  of  brands  on  the  market,  many  of  them  being 
prepared  and  recommended  for  special  crops.     One  has  but  to  look 
up  the  reports  of  the  state  departments  of  agriculture  and  the  state 
experiment  stations  charged  with  the  inspection  of  fertilizer  materials 
to  see  the  absolute  lack  of  system  which  prevails  in  the  fertilizer 
trade.     The  tendency  in  this  country  seems  to  run  to  an  increase  in 
the  number  of  special  brands  for  special  crops,  but  there  is  an  abso- 
lute lack  of  uniformity  even  in  the  elementary  composition  of  these 
special  brands.     As  a  rule  the  fertilizer  formulas  are  simpler  and  more 
uniform  in  the  South  than  they  are  in  the  North;  there  are  also  a  less 
number  of  special  brands  for  special  crops.     For  example,  there  are 
very  few  fertilizers  for  special  crops  offered  in  the  States  of  Alabama 
and  Georgia.     In  North  Carolina  about  28  per  cent  of  the  whole  num- 
ber of  brands  of  fertilizers  sold  in  the  State  are  recommended  for 
special  crops.     In  Connecticut  45  per  cent  of  the  whole  number  of 
brands  sold  are  special  brands  for  special  crops.     In  the  State  of 
Georgia  there  were  1,822  brands  inspected,  analyzed,  and  placed  upon 
the  market  for  sale  in  1908.     Of  these,  1,260  brands  contained  two  or 
more  of  the  plant-food  elements  (phosphoric  acid,  nitrogen,  or  potash), 
in  106  different  combinations,  as  shown  on  the  guarantees;  1,143 
of  these  brands,  or  90  per  cent,  contained  six  or  more  identical  guar- 
antees covered  by  26  combinations.     There  were  238  brands,  or  24 
per  cent,  of  the  complete  fertilizers  which  contained  10  per  cent  phos- 
phoric acid,  2  per  cent  of  ammonia,  and  2  per  cent  of  potash.     There 
were  242  brands,  or  26  per  cent,  which  contained  8  per  cent  of  phos- 
phoric acid,  2  per  cent  of  ammonia,  and  2  per  cent  of  potash.     If 
these  brands  differ  in  the  material  of  which  they  are  composed,  the 
farmers  should  know  this  in  order  that  they  can  make  a  more  intelli- 
gent selection  for  their  particular  soils  and  crops,  but  there  is  no  way 
in  which  they  can  find  out  whether  they  differ  or  not.     It  is  also  to 
the  interest  of  the  manufacturer  to  have  this  known,  so  that  the 
farmers  can  make  a  more  intelligent  selection  of  their  goods.     The 
brands  undoubtedly  differ  in  effectiveness  by  reason  of  the  materials 
which  they  contain,  and  we  are  sadly  neglecting  our  opportunities 
of  developing  our  agricultural  practice  by  failure  to  know  the  materials 
they  actually  do  contain.     Of*  the  33  special  brands  for  tobacco  placed 
on  sale  in  the  State  of  Connecticut,  phosphoric  acid  ranges  from  3  to 
9  per  cent,  ammonia  from  2  to  7}  per  cent,  and  potash  from  2  to  11 

a  "Fertilizers,"  by  Edward  B.  Voorhees,  1902. 
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per  cent.  There  are  24  different  combinations  in  the  33  brands 
issued  for  this  special  crop,  which  is  grown  on  a  very  limited  extent 
of  the  soils  of  the  State.  Instances  of  this  kind  could  be  multiplied 
almost  indefinitely,  and  there  is  submitted  with  this  report  an  appen- 
dix giving  a  very  complete  analysis  of  the  figures  relating  to  the 
fertilizers  on  sale  in  three  of  the  Southern  States,  namely,  Alabama, 
Georgia,  and  North  Carolina,  where  the  fertilizer  control  is  under  the 
state  department  of  agriculture,  and  three  of  the  Northern  States, 
namely,  Maine,  Massachusetts,  and  Connecticut,  where  the  fertilizer 
control  is  vested  in  the  state  experiment  stations.  TJiese  figures, 
together  with  the  opinions  of  some  of  the  recognized  authorities  on 
commercial  fertilizers,  will  be  found  in  the  appendix  in  this  report. 

Most  of  the  States  regulate  by  law  or  by  executive  order  under 
authority  of  the  law  material  which  may  or  shall  not  be  used  in 
commercial  fertilizers  and  words  which  may  be  printed  or  stamped 
on  the  brands.  Thus  the  State  of  Georgia  prohibits  the  use  of  the 
word  '^standard"  in  connection  with  a  brand  containing  less  than 
the  commercial  equivalent  of  8  per  cent  of  phosphoric  acid,  2  per 
cent  of  ammonia,  and  2  per  cent  of  potasli,  and  of  the  words  ''high 
grade"  on  any  fertilizer  containing  less  than  the  commercial  equiva- 
lent of  10  per  cent  phosphoric  acid,  2  per  cent  ammonia,  and  2  per 
cent  potash,  although  both  of  these  combinations  are  far  below  the 
combinations  recommended  by  the  state  department  of  agriculture. 

It  is  the  general  belief  at  the  present  time  that  a  fertilizer  for 
tobacco  should  be  rich  in  potash  and  that  for  cigar  tobacco  the 
potash  should  be  in  the  form  of  carbonate,  yet  we  find  in  Connecticut 
special  brands  for  tobacco  with  from  1  to  3  per  cent  of  potash,  and 
so  far  as  the  evidence  permits  ofie  to  judge  the  potash  in  the  ma- 
jority of  brands  is  not  in  the  form  of  carbonate.  It  would  seem  that 
it  would  be  a  protection  to  the  farmers  to  prohibit  the  use  of  the 
word  ''tobacco''  on  a  brand  of  fertiUzer  containing  less,  say,  than 
6  per  cent  of  potash  in  the  form  of  carbonate  only. 

It  is  the  general  belief  that  potatoes  require  fertilizers  rich  in  potash 
and  that  it  is  better  to  have  the  potash  in  the  form  of  sulphate,  yet 
we  find  brands  of  special  fertilizers  for  potatoes  offered  for  sale  in 
Maine  with  only  2  and  3  per  cent  of  potash.  It  would  be  a  protection 
to  the  farmers  to  prohibit  the  use  of  the  word  "potatoes"  on  any 
special  brand  for  potatoes  with  less  than  a  minimum  of,  say,  6  per 
cent  of  potash,  and  tliis  in  the  form  of  sulphate  only. 

It  is  held  by  the  Maine  Experiment  Station**  that  nitrogen  for 
potatoes  should  be  in  the  form  of  nitrate  nitrogen,  and  yet,  even  in 
that  State,  the  principle  is  not  enforced  by  law  and  the  nitrogen 
supply  in  the  special  brands  for  potatoes  is  of  such  form  as  may 

a  Bui.  153,  Maine  Agr.  Expt.  Sta.,  March,  1908,  p.  105. 
30096— Bull.  58—10 2 
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be  determined  by  the  manufacturer.  It  is  the  general  belief  that 
sugar  beets  require  a  fertilizer  rich  in  potash  and  that  it  is  best  to 
have  this  in  the  form  of  chloride  or  muriate,  but  no  particular  at- 
tention seems  to  be  paid  to  this  in  the  preparation  of  special  brands 
and  the  farmers  do  not  know  what  materials  they  are  purchasing. 

For  about  twenty  years  the  experiment  stations  were  very  active 
in  conducting  and  reportmg  the  results  of  plat  experiments  with 
fertilizers,  but  lately  very  little  of  such  work  has  been  reported. 
There  are  a  few  notable  exceptions  where  long-time  experiments 
are  yet  in  progress,  but  for  the  most  part  such  work  is  considered 
of  merely  local  interest  or  the  attention  of  the  station  has  been 
directed  to  other  apparently  more  pressing  needs. 

There  is  yet  so  much  to  be  learned  of  the  action  of  fertilizers  to 
establish  a  rational  system  that  it  is  very  desirable  that  investigations 
of  this  important  subject  shall  be  more  vigorously  pushed  in  the 
future,  both  along  the  line  of  field  plat  tests  and  along  such  other 
lines  as  may  promise  valuable  results  bearing  on  the  theory  and 
practical  use  of  commercial  fertilizers. 


APPEimiX  A. 

Extracts  from  Official  Reports  and  Standard  Books  on  Fertiuzers. 

The  following  extracts  do  not  pretend  to  be  a  complete  r^um6  of  the  literature 

on  fertilizeiB,  as  this  is  very  voluminous,  but  only  to  give  a  few  striking  statements 

from  recognized  authorities  on  the  points  which  have  been  made  in  the  preceding 

report: 

In  its  work  in  connection  with  commercial  fertilizers^  in  detecting  and  driving  out 
frauds,  placing  the  trade  on  a  rational  basis,  encoura^ng  honest  manu^turers  and 
sellers,  and  teaching  farmers  how  to  select  their  fertilizers  wisely  and  use  them  with 
profit,  its  [the  experiment-station's]  usefulness  can  not  be  overestimated. 

First  Annual  Report,  Conn.  Agr.  Expt.  Sta.,  1876,  prefatory  note,  p.  3. 

The  means  adopted  by  the  station  to  regulate  the  sale  of  fertilizers  in  the  State 
have  been  explained  quite  fully  in  Circular  No.  4  of  the  station.    *    *    » 

The  plan  is  substantially  the  same  as  has,  with  various  modifications  of  detail, 
come  into  quite  general  usage  in  Germany  and  other  European  countries.  The 
essential  features  are: 

First.  An  agreement  made  with  the  station  by  dealers  in  fertilizers  to  sell  their 
wares  by  guaranteed  analysis,  the  verification  of  the  analysis  being  left  to  the  station; 
and, 

Second.  A  provision  whereby  purchasers  may  have  samples  of  the  articles  they 
buy  analyzed  oy  the  station  at  small  cost,  or  for  nothing. 

In  order  to  preclude  all  chance  for  mistake  or  cavil,  as  to  the  precise  tenns  of  the 
arrangement  referred  to,  a  form  of  agreement  has  been  signed  by  the  dealers  who 
desired  t4>  place  their  wares,  as  sold  in  the  State,  under  the  supervision  of  the  station. 

The  form  referred  to  is  the  result  of  the  deliberations  of  a  targe  meeting  of  manu- 
facturers, sellers,  and  consumers  of  fertilizers,  held  at  the  station,  and  of  consultation 
with  the  Advisory  Committee  and  with  other  parties  interested.    It  is  as  follows: 

Blanks. 

« 

hereby  a^e  with  the  Connecticut  Agricultural  Experiment  Station, 


as  represented  by  its  directors,  that  all  fertilizers  offered  for  sale  in  the  State  of  Con- 
necticut  by or  by ,  authorized   agents,    at  any   price   above 

fifteen  dollars  f$15.00)  per  ton,  except  crude  fish-scrap,  shall  be  placed  under  its 
supervision  in  tne  following  manner: 

1. herebjr  agree  that  all  fertilizers  above  described  shall  be  guaranteed 

to  contain  certain  minimum  percentages  of  one  or  more  of  the  following  ingredients: 

Nitrogen. 

Phosphoric  acid;  soluble. 

Phosphoric  acid;  reverted. 

Phosphoric  acid;  insoluble. 

Potash. 

Sulphuric  acid;  chlorine. 

******* 

2. also  agree  that  the  above  guarantee  shall  be  always  subject  to  verifi- 
cation by  analyses  made  at  the  stations. 

3. ; — also  agree  that  all  fertUizers  above  described  shall  be  at  all  times 

open  to  the  inspection  of  the  station,  as  represented  by  its  Director,  Chemists,  or  any 
member  of  its  Advisory  Committee.    *    *    * 

The  signer  of  this  agreement  is  not  expected  to  specify  in  this  blank  the  composition 
of  the  wares  he  sells,  out  he  does  bind  nimself  to  fulfill  the  requirements  of  tne  state 
law.  by  accompanying  every  package  of  fertilizer  sold  with  a  plain  statement  of  the 
analysis,  usin^;  the  above  terms,  and  to  guarantee  the  article  to  be  equal  to  the  analysis. 

In  brief,  this  agreement  binas  the  signer  simply  to  state  what  he  sells  and  guarantee 
what  he  states,  the  verification  of  the  statement  being  left  to  die  official  analysis  of 
the  station.    With  the  fulfillment  of  this  guarantee  the  responsibility  of  the  seller 

11 
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will  naturally  end.  The  station  provides  that  buyers  who  wish  to  detennine  whether 
the  articles  they  purchase  are  equal  to  the  guarantee,  may  have  control  analyses 
made  at  little  or  no  expense.  It  is  believed  that  no  simpler  nor  more  efficient  way 
can  be  devised  to  place  the  trade  in  fertilizers  on  a  more  secure  basis,  insure  confidence, 
and  benefit  all  concerned. 

First  Annual  Report,  Conn.  Agr.  Expt.  Sta.,  1876,  pp.  14-16. 


The  question  as  to  which  is  the  most  serviceable  and  best  fertilizer  is  like  the  qu 
tion,  woich  is  the  best  and  most  serviceable  medicine — ^impossible  to  answer.    All 
depends  on  the  patient,  on  what  ails  him,  and  on  how  he  is  oeing  treated  otherwise. 

The  experiment  station  might  be  compared  to  a  sanitary  engineer,  but  not  to  a 
practicing  physician.  We  are  unable  to  prescribe  for  land.  I^e  oidy  way  is  for 
the  practical  farmer  to  make  trials  on  his  land  with  fertilizers  or  fertilizing  chemic^ 
which  he  knows  are  of  good  quantity  [quality?]  and  study  the  effects.    *    ♦    ♦ 

There  is  a  choice  also  in  respect  to  action  on  the  crop.  This  will  depend  somewhat 
on  the  character  of  your  soil  and  can  only  be  learned  by  experience.  One  fertilizer 
will  appear  to  be  best  one  year  or  on  some  crops  and  land,  and  another  season,  owing 
to  the  different  weather,  wet  or  drought,  or  on  other  land  or  plants,  another  kind^ 
fertilizer  will  give  the  best  results.  I  should  try  a  fertilizer  that  would  give  me  a 
good  percentage  of  nitrogen^  soluble  phosphoric  addj  and  potash  for  the  least  money. 

We  can*  give  no  formula  for  an  onion  manure.  The  food  which  the  onion  requires 
is  the  same  that  all  other  crops  require\  If  it  requires  any  special  proportions  of 
fertilizing  inj^edients,  neither  we  nor  any  one  else  can  positively  say  what  that  ia. 
Probably  a  ^rtilizer  having  about  the  composition  of  the  *' special"  onion,  potato, 
tobacco,  or  corn  manures  would  be  a&  profitaole  a  fertilizer  as  you  could  a|>piy  to  the 
onion.    *    *    ♦ 

It  is  a  fact  of  common  farm  experience  that  nitrogenous  manures  differ  widely  in 
their  efficiency.  Nitrate  of  soda,  for  example,  often  has  a  visible  effect  on  grass 
land  within  ten  days  after  sowing;  dried  blood  requires  a  longer  time  to  affect  the  color 
or  growth  of  grass,  while  an  appRcation  of  leather  or  hair  may  never  show  the  slightest 
effect.    *    *    * 

A  considerable  number  of  manufacturing  wastes,  rich  in  nitrogen,  but  differing 
greatly  in  their  value  as  plant  foods,  are  now  on  the  market,  and  their  use  is  uigea 
upon  manufacturers  of  mixed  fertilizers.  In  general,  such  of  these  waste  products 
as  are  agriculturally  of  least  value  are  also  least  expensive,  and  therefore  the  tempta- 
tion to  use  them  in  manufactured  goods  is  to  some  very  strong. 

It  is  highly  desirable  to  know  in  the  first  place  how  these  nitrogenous  wastes  com- 
pare with  each  other,  and  with  some  standard,  such  as  nitrate  of  soda,  in  availability, 
and  various  experimenters  have  already  accomplished  something  in  this  direction. 
In  the  next  place  it  is  important,  either  to  be  able  to  identify  these  various  "ammo- 
niates  "  in  mixed  fertilizers,  or  else  to  have  some  means  of  distinguishing  in  such 
fertilizers  between  available  and  inert  nitrogen — some  measure  of  its  avulability. 
Unfortunately,  it  has  hitherto  been  difficult  or  impossible  to  identify  ^th  certainty 
most  of  the  inferior  ammoniates  either  by  inspection  or  by  ordinary  cliemical  tests. 
The  treatment  with  acid  during  the  process  of  manufacture,  the  grinding  and  the 
mixture  with  phoephatic  matenal  ana  potash  salts,  so  aljters  the  structure  and  ap- 
pearance that  m  many  cases  the  microscope  fails  to  identify  anything  and  chemiod 
tests  are  not  generally  applicable. 

Annual  Report  Conn.  Agr.  Expt.  Sta.,  1885,  pp.  110-116. 

We  have  reason  to  believe  from  extended  observations  and  experience  in  the 
field  that  hundreds  of  thousands  of  dollars  are  annually  wasted  by  farmers  in  the 
lavish  and  injudicious  application  of  fertilizers  on  cotton. 

Fertilizers  for  Cotton,  J.  M.  McBryde,  Farmers'  Bulletin  14,  1894,  p.  7. 

The  author  shows  that  the  different  forms  of  phosphates  and  the  different  materials 
used  to  supply  nitrates  vary  greatly  in  their  efficiency. 

'^The  most  satisfactory,  and,  indeed,  usually  the  only  method."  says  Armsby, 
''by  which  we  can  at  present  determine  the  needs  of  a  soil  is  to  ask  the  question  of 
the  soil  itself  by  growing  a  crop  upon  it  with  different  kinds  of  fertilizers  and  noting  the 
result.  Such  soil  tests  with  fertilizers  have  in  many  cases  given  results  of  much  imme- 
diate practical  value  for  the  locality  in  which  they  were  undertaken. '»    »    »    * 

*  *  *  Many  materials  containing  the  essential  elements  are  practically  worthless  as 
sources  of  plant  food  because  the  form  is  not  right.  ♦  ♦  *  All  materials  contain- 
ing organic  nitrogen  are  valuable  in  proportion  to  their  rapidity  of  decay  or  change. 
*    *    *    Thus  organic  nitrogen  differs  in  availability  not  only  accoraing   to  me 
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kind  of  material  which  supplies  it,  but  upon  the  treatment  it  receives.  *  *  *  The 
phosphoric  acid  in  natural  or  untreated  phosphates  is  insoluble  in  water  and  not  readily 
available  to  plants;  that  is,  the  rate  of  availability  depends  largely  upon  the  rapidity 
with  which  the  substance  rots  or  decavs,  and  the  rate  of  decay  again  depends  upon  the 
character  of  the  substance  with  whicn  the  phosphate  is  associated.  *  *  *  ^  Potash 
may  exist  in  a  number  of  forms,  though  chiefly  as  chlorids,  or  muriatesi  in  which  case 
the  potash  is  combined  with  chlorin;  and  as  sulphates  in  which  the  potash  is  com- 
bincKi  with  sulphuric  acid.  With  potash,  however^  the  form  does  not  exert  so  great 
an  influence  upon  availability  as  is  the  case  with  nitrogen  and  phosphoric  acid.  All 
forms  are  freely  soluble  in  water,  and  are  believed  to  be  nearly  if  not  ouite  equally 
available  as  food.  The  form  of  potash  has.  however,  an  important  innuence  upon 
the  (quality  of  certain  crops,  due  rather  to  tne  constituents  with  which  the  potasn  is 
associated  than  to  the  potash  itself.  *  *  *  The  character  or  form  of  the  materials 
used  must,  therefore,  be  carefully  considered  in  the  use  of  manure.  *  *  *  All 
manufactured  products  or  brands  of  fertilizers  are  made  up  of  a  mixture  of  the  various 
kinds  and  forms  of  fertilizing  materials  just  described,  and  the  differences  that  exist 
in  the  brands  of  different  manufacturers  are  due  both  to  differences  in  the  character 
and  to  the  variations  in  proportions  of  the  materials  used  to  form  the  different  brands; 
that  is,  while  all  manufacturers  must  go  to  the  sources  of  supply  indicated  they  may 
select  either  eood  or  poor  products  and  may  vary  the  proportions  of  the  different 
materials  used. 

The  difference  between  a  good  brand  of  fertilizer  and  a  poor  one  lies  not  so  much 
in  differences  that  may  exist  in  the  total  amount  of  plant  lood  contained  in  it  as  in 
the  quality  of  the  materials  of  which  it  is  made. 

Farmers*  Bulletin  44,  Commercial  P'ertilizers,  Edward  B.  Voorhees,  1896. 

The  following  extracts  are  from  ''Fertilizers,*'  by  Edward  B.  Voorhees,  originally 
published  in  1898,  with  a  fourth  edition  in  1902: 

Preface,— There  is  no  question  as  to  the  desirability  of  the  use  of  commercial  fer- 
tilizers on  most  farms,  though  the  methods  now  generally  practiced  are  such  as  to 
indicate  the  very  great  need  of  a  better  understanding  of  what  the  functions  of  a  fer- 
tilizer are,  of  the  terms  used  to  express  their  composition  and  value,  of  the  kind  that 
shall  be  used,  and  the  time  and  method  of  application  for  the  different  crops  under 
the  varying  conditions  that  exist.    *    *    * 

The  author  appreciates  keenl>r  his  limitations,  owing  to  the  lack  of  definite  knowl- 
edge on  many  vital  points;  yet  it  seems  that  atrthis  time,  when  the  investigations  of 
the  experiment  stations  are  beginning  to  be  regarded  as  important  educational  factors, 
and  wnen  these  institutions  are  more  than  ever  prepared  to  study  the  fundamental 
principles  which  underlie  the  various  processes  involved  in  plant  nutrition,  the 
practical  man  should  have  a  clear  understanding  of  what  is  now  known,  in  order 
that  he  may  be  prepared  to  accept  and  use  that  better  knowledge  which  will  un- 
doubtedly be  proviaed  for  him  in  the  near  future. 

Page  49. — It  will  be  observed  from  the  foregoing  brief  description  of  the  chief 
sources  of  organic  forms  of  nitrogen  that  a  very  wide  variation  occurs  both  in  the 
composition  or  content  of  nitrogen  in  these  products,  and  in  the  availability  of  their 
nitrogen,  or  rapidity  with  which,  under  similar  conditions,  it  is  given  up  to  plants. 
The  met  that  a  substance  contains  nitrogen  in  considerable  amounts  and  in  an  ozganic 
form,  then,  is  not  a  sufficient  guide  as  to  its  usefulness. 

Pages  64-^7. — The  practical  point,  and  the  one  of  prime  importance  to  the  former, 
is,  then,  to  know  how  to  estimate  the  relative  value  or  usefulness  of  these  different 
products,  what  is  the  rate  of  availability  as  compared  with  nitrate,  and  thus  the 
relative  advantage  of  purchasing  the  one  or  the  other  at  the  ruling  market  prices. 
Relative  values,  however,  can  not  be  assigned  as  yet,  though  careful  studies  of  the 
problem  have  been  made,  chiefly  by  what  are  known  as  ''vegetation  tests" — ^that  is, 
tests  which  show  the  actual  amounts  of  nitrogen  that  plants  can  obtain  from  nitrog- 
enous products  of  different  kinds,  when  thev  are  grown  under  known  and  con- 
trolled conditions.  The  results  bo  far  obtained,  while  only  serving  as  a  guide,  indi- 
cate that  when  nitrate  is  rated  at  100  per  cent,  blood  and  cotton-seed  meal  are  about 
70  per  cent,  dried  and  ground  fish  and  hoof  meal  65  per  cent,  bone  and  tankage 
60  per  cent,  and  leather  and  wool  waste  range  from  as  low  aa  2  per  cent  to  as 
high  as  30  per  cent.  These  figures  furnish  a  fair  basis  for  comparing  the  differ- 
ent materials,  when  used  for  the  same  purpose  or  under  the  same  conditions.  If, 
for  example,  the  increased  yield  of  oats  due  to  the  application  of  nitrate  of  soda 
is  1,000  pounds,  the  yield  from  blood  and  cotton-seed  meal  would  be  700  pounds, 
the  yield  from  dried  ground  fish  and  hoof  meal  would  be  650  pounds,  from  bone 
and  tankage  600  pounds,  and  from  leather,  ground  horn,  and  wool  waste  from  2^  to 
300  pounds. 
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These  figures  alone  are,  however,  not  a  sufficient  guide  as  to  the  kinds  to  buy 
under  all  conditions,  since  the  usefulness  of  the  different  forms  are  again  dependent 
upon  such  other  conditions  as  the  kind  of  crop,  the  season,  and  the  object  of  the 
application.    *   *   * 

In  the  making  up  of  fertUizers,  all  of  these  considerations  should  be  carefully 
balanced,  and  it  is  the  practice  on  the  part  of  many  manufacturers  to  use  a  part  of 
each  of  the  three  forms,  so  that  a  continuous  feeding  of  the  plant  may  be  insured. 
Therefore,  while  the  fact  remains  that  fertilizers  containing  only  the  one  form  may 
not  be  the  poorest,  the  chances  are  that  those  which  contam  all  forms  are  likely  to 
give  more  satisfactory  results. 

Pages  92-^4. — It  [potarfi]  is,  however,  a  very  necessary  constituent  of  fertilizers, 
being  absolutely  essential  for  those  intended  for  li^ht,  sandy  soils  and  for  peaty 
meadow  lands,  as  well  as  for  certain  potash-consuming  crops,  as  potatoes,  tobacco 
and  roots,  since  these  soils  are  very  deficient  in  this  element,  and  the  plants  men- 
tioned require  it  in  larger  proportions  than  do  others.    ♦    ♦    * 

Potash,  as  has  already  been  stated'in  the  discussion  of  phosphoric  acid  and  nitroig|en, 
exists  in  various  forms,  but  it  differs  from  the  other  elements  in  that  its  chemical 
form  or  combination  seems  to  exert  but  relatively  little  influence  upon  the  availability 
of  the  constituent.  For  example,  it  may  be  in  a  form  of  muriate  or  chlorid,  of  a 
sulphate  or  of  a  carbonate,  and  while  there  is  a  difference  in  the  diffusibility  of  these 
different  compounds — that  is,  a  difference  in  the  rate  at  which  they  will  distribute 
in  the  soil  before  becoming  fixed — there  seems  to  be  very  little  difference  in  the  rate 
of  the  absorption  of  the  potash  by  the  plant.  Nevertheless,  the  form  of  potash  must 
be  observed,  because  of  tne  possible  influence  that  the  substances  with  which  it  com- 
bines may  exert  in  reducing  the  marketable  quality  of  the  crop  to  which  it  is  applied. 
This  influence  has  been  very  distinctly  observed,  particularly  in  the  growmg  of 
tobacco,  sugar  beetfi,  and  potatoes,  and  it  has  been  snown  that  the  potsuih  in  the 
form  of  a  chlorid  (or  muriate)  does  exert  a  very  deleterious  effect,  especially  on 
tobacco. 

Pages  129-130. — In  the  purchase  of  mixtures ,  consumers  should  demand  that  they 
be  accompanied  by  a  guarantee,  because  they  are  unable  to  determine  the  kind 
and  proportion  of  the  different  materials  entering  into  the  mixture,  either  by  ita 
appearance,  weight  or  smell.  In  mixing,  too,  an  opportunity  is  afforded  for  disguisiiig 
poor  forms  of  the  constitutents,  particularly  nitrogen.  That  is,  in  a  mixture  of  nitrog- 
enous materials,  potash  salts,  and  superpnosphates,  it  would  be  a  difficult  matter 
to  determine,  by  mere  physical  inspection,  the  proportion  of  the  nitrogen  which 
had  been  supplied  in  the  form  of  horn  meal  and  of  blood,  and  the  statement  of  the 
manufacturer  on  this  point  would  be  valuable  in  proportion  to  his  reliability. 

Pa^e  149. — An  analysis  may  show  simply  the  total  amount  of  the  constituents. 
This  is  not  a  sufficient  guide  as  to  the  value  of  the  mixture,  for  while  it  is  not  possible 
to  indicate  absolutely  by  analysis  wheUier  the  oiganic  nitrogen,  for  example,  is 
derived  from  blood  (which  is  one  of  the  best  forms)  or  from  horn  meal  (one  of 
the  poorer  forms)  it  is  possible  to  show  whether  the  nitrogen  is  derived  from  nitrate 
or  from  ammonia,  whether  the  phosphoric  acid  is  derived  from  a  superphosphate 
or  a  phosphate,  and  whether  the  potash  present  is  in  the  form  of  a  sulphate  or  of  a 
muriate.  A  high-grade  or  a  low-j^rade  fertilizer,  for  example,  may  be  distinctly 
indicated  by  the  analysis,  since  it  is  of  a  hi^h  grade  if  the  three  forms  of  nitrogen  are 

g resent,  if  the  total  phosphoric  acid  is  chiefly  soluble  in  water,  and  if  the  potash 
as  been  derived  from  a  sulphate  or  from  a  muriate. 

Page  152. — It  is  obvious,  from  what  has  been  already  pointed  out,  that  the  value 
of  a  fertilizer  to  the  farmer  depends  not  so  much  upon  what  is  paid  for  it  as  upon 
the  character  of  the  material  used  to  make  it. 

Page  175. — A  ton  of  wheat,  at  $1  per  bushel,  will  bring  $33.33.  Its  sale  removes 
from  the  farm  38  pounds  of  nitrogen,  19  of  phosphoric  acid,  and  13  of  potash.  At 
prevailing  prices  for  these  constituents  it  would  cost  $6.50  to  return  them  to  the  farm. 

Paaes  158-161. — It  will  be  observed  that  the  schedule  gives  the  cost  per  pound  of 
the  different  forms  of  nitrogen  and  of  high-grade  organic  nitrogenous  materials;  of 
nitrogen  and  phosphoric  acid  in  ground  bone  and  tankage;  of  available  phosphoric 
acid  m  superpnospnates,  and  of  actual  potash  in  the  potash  salts,  and  is  a  useful  guide 
also  in  showmg  that  the  nitrogen,  phosphoric  acid  and  potaedi  contained  in  these 
materials  can  be  purchased  in  ton  lots  for  the  prices  mentioned.  The  valuation  of 
mixed  fertilizers  obtained  by  the  iise  of  this  schedule  are  entirely  commercial;  they  are 
not  intended  to  indicate  even  a  possible  agricultural  value.    *    *    * 

Third.  The  chemical  analysis  does  not  show  absolutely  the  sources  of  the  materials, 
and  thus  it  is  difficult  to  place  a  true  commercial  value  upon  a  mixture.  This  is  espe- 
cially true  of  organic  nitrogen,  since  because  it  is  impossible  to  separate  the 
amounts  that  may  be  derived  from  different  materials,  a  uniform  value  is  placed 
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upon  the  total  nitrogen  found,  whether  it  is  derived  from  the  best  forms,  as  dried 
blood  and  dried  meat,  or  whemer  derived  from  horn  meal,  ground  leather,  or  other 
low-grade  forms  of  nitrogenous  materials.  This  encourages  the  use  of  low-grade 
products  by  unscrupulous  manufacturers,  to  the  real  detriment  of  the  trade  as  a 
whole.    *    ♦    * 

Fourth.  Any  system  of  comparison  of  brands  must  leave  a  great  deal  to  the  judg- 
ment of  the  purcnaser.  He  must  interpret  for  himself  whether  he  would  rather  that 
his  phosphoric  acid  were  derived  from  one  source  or  another.    *    *    ♦ 

Page  167. — The  primary  object  in  the  use  of  a  commercial  fertilizer  is  to  receive  a 
profit  from  the  increase  in  the  yield  of  crops  from  the  land  to  which  it  is  applied;  and 
this  may  be  derived  either  from  the  immediate  crop  or  from  the  larger  yield  of  a 
number  of  crops.  That  the  js^reatest  immediate  or  prospective  profit  may  be  gained, 
a  wide  knowledge  of  conditions  which  have  either  a  direct  or  indirect  bearing  upon 
the  result  is  essential. 

In  fact,  the  controlling  conditions  surrounding  the  matter  are  so  numerous  and  so 
various  that  it  is  impoesible,  with  our  present  knowledge,  to  lay  down  positive  rules 
for  our  guidance.    At  best,  only  suggestions  can  be  offered. 

Page  172. — It  must  be  remembered,  then,  that  only  general  rules  applv  in  the  use 
of  fertilizers  upon  soils  of  different  classes,  and  that  they  are  modifiea  by  both  the 
chemical  composition  and  the  mechanical  condition  of  the  soil.  The  best  use  of  a  fer- 
tilizer— that  is,  the  greatest  proportionate  return  of  plant  food  in  the  crop,  all  things 
considered — is  obtained  from  its  application  upon  soils  that  possess  '* condition,**  or 
that  are  well  cultivated  or  managed.  Full  returns  can  not  be  expected  when  they 
are  applied  upon  soils  that  are  too  wet  or  too  dry,  too  porous  or  too  compact,  or  too 
coarse  or  too  fine.  It  is  important  that  even  the  best  soils  should  be  properly  prepared , 
and  it  is  infinitely  more  important  that  those  which  possess  poor  mechanical  condi- 
tion should  be  improved  in  this  respect  before  lai^e  expenditures  are  made  for 
fertilizers.  • 

Pages  182-185. — ^The  one  [system  of  fertilization]  which  has  perhaps  received  the  most 
attention,  doubtless  largely  because  one  of  the  first  presented,  and  in  a  very  attractive 
manner,  is  the  system  advocated  by  the  celebrated  French  scientist,  George  Ville. 
This  system,  while  not  to  be  depended  upon  absolutely,  suggests  lines  of  practice 
which,  under  proper  restrictions,  may  be  of  very  great  service.  In  brief,  this  method 
assumes  that  plants  may  be,  so  far  as  their  fertilization  is  concerned,  divided  into 
three  distinct  groups.  One  group  is  specifically  benefited  by  nitrogenous  fertiliza- 
tion, the  second  by  phoephatic,  and  the  third  by  potassic.  That  is,  in  each  class  or 
group,  one  element  more  than  any  other  rules  or  dominates  the  growth  of  that  group, 
and  nence  each  particular  element  should  be  applied  in  excess  to  the  class  of  plants 
for  whicb  it  is  a  dominant.  In  this  system  it  is  asserted  that  nitrogen  is  the  dominant 
in^edient  for  wheat,  rye,  oats,  barley,  meadow  grass,  and  beet  crops.  Phosphoric 
acid  is  the  dominant  fertilizer  ingredient  for  turnips,  Swedes,  Indian  com  (maize), 
sorghum  and  sugar  cane;  and  potash  is  the  dominant  or  ruling  element  for  peas, 
beans,  clover,  vetches,  flax  and  potatoes.  It  must  be  understood  that  tiiis  system 
advocates  only  single  elements,  for  the  others  are  quite  as  important  up  to  a  certain 
point,  beyoncl  which  they  do  not  exercise  a  controlling  influence  in  the  manures  for 
the  crops  for  the  three  classes.  This  special  or  dominating  element  is  used  in  greater 
proportion  than  the  others,  and  if  soils  are  in  a  high  state  of  cultivation,  or  have  been 
manured  with  natural  products,  as  stable  manure,  they  may  be  used  singly  to  force  a 
maximum  growth  of  the  crop.    ♦    *    * 

Another  system  which  has  been  urged,  notably  by  German  scientists,  is  based  upon 
the  fact  that  the  mineral  constituents,  phosphoric  acid  and  potash,  form  fixed  com- 
pounds in  the  soil,  and  are,  therefore,  not  likely  to  be  leached  out,  provided  the  land  is 
continuously  cropped.  They  remain  in  the  soil  until  used  by  growing  plants,  while 
the  nitroeen,  on  tne  other  hand,  since  it  forms  no  fixed  compounds  and  is  perfectly 
soluble  when  in  a  form  useful  to  plants,  is  liable  to  loss  from  leaching.  Furthermore, 
the  mineral  elements  are  relatively  cheap,  while  the  nitrogen  is  relatively  expensive, 
and  thus  that  [sic]  the  economical  use  of  this  expensive  element,  nitrogen,  is 
dependent  to  a  large  degree  upon  the  abundance  of  the  mineral  elements  in  tiie  soil. 
It  is^  therefore,  advocated  that  for  all  crops  and  for  all  soils  ihsX  are  in  a  good  state  of 
cultivation,  a  reasonable  excess  of  phosphoric  acid  and  potash  be  appU^,  suflScient 
to  more  than  satisfy  the  maximum  needs  of  any  crop,  and  that  tne  nitrogen  be 
applied  in  active  forms,  as  nitrate  of  ammonia,  and  in  such  quantities  and  at  such 
times  as  will  insure  the  minimum  loss  of  the  element  and  the  maximum  development 
of  the  plant. 

Page  186. — Another  system  of  fertilization  is  based  upon  the  theory  that  the  different 
plants  should  be  provided  with  the  essential  elements  in  the  proportions  in  which 
they  exist  in  the  plants,  as  shown  by  chemical  analysis.    Different  formulas  are  there- 


16  THE  COMPOSITION  OF  COMMEKCIAL  FEBTILIZEBS. 

fore  recommended  for  each  crop,  the  constituenta  of  which  are  so  proportionate  as  to 
meet  its  full  needs.  This  method,  if  care  is  taken  to  supply  an  abundance  of  all  of 
the  necessary  constituents,  may  result  in  a  complete  though  perhaps  not  an  econom- 
ical feeding  of  the  plant,  since  it  assumes  that  a  plant  whicn  contains  a  larger  amount 
of  one  constituent  than  of  another  re<}uires  more  of  that  constituent  in  the  fertilizer 
than  of  the  others.  It  does  not  take  mto  consideration  the  fact  that  the  plant  which 
contains  a  larger  amount  of  one  element  than  another  may  possess  a  greater  power  of 
acquiring  it  than  one  which  contains  a  smaller  amoimt. 

Pages  189-190. — The  most  expensive  and  irrational  system  of  all,  and  one  more 
commonly  practiced  than  any  other  in  general  farming,  may  be  termed  the  ''hit  or 
miss"  system.  If  a  "hit"  is  made,  there  is  a  profit,  if  a  *'miss,"  the  loss  is  trifling. 
In  this  system  no  special  thought  is  given  to  tne  character  of  the  crop  or  its  needs. 
If  the  farmer  can  afford  it,  he  purchases  a  fertilizer,  without  regard  to  its  composition, 
and  applies  it  in  verv  small  amounts.  If  it  happens  to  contain  that  element  which 
is  particularly  needea  for  the  plant  to  which  it  is  applied,  a  profit  is  secured.  In  tno 
many  cases,  nowever,  the  constituents  added  are  already  in  abundance  in  the  soil,  or 
BO  little  of  the  fertilizer  is  used  as  to  preclude  any  profit. 

Page  19S. — The  lacking  element  can  not  be  fully  determined,  except  by  direct 
experiments  by  the  farmer  himself.  That  is,  no  general  principle  can  oe  depended 
on  as  an  absolute  guide.  He  should  learn  whether  his  sou  is  deficient  in  any  of  the 
elements,  and,  if  so,  which  one  should  be  applied  to  the  different  crops  in  his  rotation. 
A  careful  study  along  this  line,  too,  will  show  whether  it  is  fertilization  that  is  required 
to  meet  seeming  deficiencies,  for  it  frequently  happens  that  the  needs  of  the  soil  are 
not  90  much  for  added  plant  food  as  for  better  management  of  the  soil  in  other  respects. 

Pages  197-198. — The  results  of  experiments  whicn  have  been  conducted  with  great 
care  m  a  number  of  States  show  that  where  *'  extensive  "  methods  are  practiced  certain 
elements  need  not  be  added  in  the  fertilizers;  that  is,  that  the  soil  contains  such  an 
abundance  of  them  that  the  plant  is  able  to  obtain  a  full  supply,  at  least  for  a  long 
time.  For  example,  it  has  been  shown  that  on  the  chief  sugar-producing  soils  of 
Louisiana  and  Mississippi,  and  the  cotton  soils  of  Georgia  and  Texas,  the  addition 
of  potash  has  been  of  less  importance  in  the  past  than  the  other  elements,  and  it 
frequently  does  not  need  to  be  included  in  the  fertilizer,  while  phosphoric  acid  is 
id  ways  needed. 

The  results  of  field  experiments  on  this  plan  in  New  Jersey,  on  reasonably  good, 
loamy  soils,  indicate  that  phosphoric  acid  and  potash  are  of  much  more  importance 
in  fertlilizers  for  corn  than  nitrogen,  whereas  upon  sandy  soils  nitrogen  and  potash 
are  of  relatively  more  importance  than  phosphoric  acid;  that  is.  even  where  ** exten- 
sive "  practice  is  used  there  are  conditions  where  one  or  more  oi  the  elements  are  not 
required  in  order  to  secure  maximum  crops,  'which  eliminates  the  necessity  for  an 
immediate  outlay  for  those  constituents  that  are  not  lacking.  \Miere  experiments 
of  this  sort  have  not  been  carried  out  and  the  specific  needs  determined,  it  beeomes 
necessary  to  assume  that  all  of  the  constituents  arc  required,  and  to  apply  the  amounts 
and  proportions  of  those  which  the  general  considerations  of  the  soil,  season,  cUmate 
and  crop  would  seem  to  demand. 

As  already  pointed  out,  the  methods  of  fertilization  here  suggested,  though  in  many 
instances  apparently  positive,  are  not  to  be  interpreted  as  absolute  rules,  but  rather 
used  as  guides,  based  upon  the  best  information  that  it  has  been  possible  to  obtain, 
both  as  a  result  of  scientific  inquiry  and  of  practical  experience. 

Papes  2li-213. — The  main  point  in  this  whole  matter  of  fertilization  is  to  under- 
stand that  a  fertilizer  is  a  fertilizer  because  of  the  kind  and  form  of  plant  food  con- 
tained in  it;  and  that  its  best  action,  other  things  being  equal,  is  accomplished  when 
the  soil  possesses  good  physical  qualities,  when  the  management  is  also  good,  and  when 
svstematic  methods  are  planned  and  adopted.  "Hit  or  miss"  fertilization,  even  for 
these  crops,  may  pay,  and  doubtless  on  the  average  does  pay  as  well  as  some  other 
things  that  farmers  do,  but  does  not  pay  as  well  as  it  might  if  better  methods  were 
used. 


APPEiroiX  B. 

A  Summary  of  thb  Guaranteed  Analyses  of  the  Fertilizbrs  Sold  in  Sevbrai; 

States. 

In  this  review  or  analyBis  of  the  figures  showing  the  composition  of  the  brands  of 
fertilizers  sold  in  the  several  States,  the  guaranteed  minimum  compositions  only  are 
used,  as  these  are  usually  expressed  in  whole  numbers  or  even  per  cents  and  as  they 
in  most  cases  agree  very  well  with  the  amounts  found  by  analyses.  The  figures  for 
nitrogen  occurring  in  some  of  the  reports  have  been  calculated  in  ammonia  (NHg)  for 
purposes  of  comparison,  and  in  a  few  cases  small  fractions  of  a  per  cent  have  been 
neglected  and  the  result  stated  in  the  nearest  whole  number.  None  of  the  remarks 
or  observations  made  in  connection  with  the  figiu'es  have  been  quoted  from  the 
official  publications. 

CONNECnCUT.O 

During  1907  thirty-six  individuals  or  firms  have  entered  for  sale  in  this  State  279 
brands  ol  fertilizers,  viz: 

r 

Special  manures  for  particular  crops 126 

Other  nitrogenous  superphosphates 98 

Bone  manures  and  *' Done  and  potash " 23 

Fish,  tankage,  castor  pomace,  and  chemicals 32 

Total 279 

Classification  of  the  fertilizers  analyzed. 

1.  Containing  nitrogen  as  the  chief  active  ingredient: 

Nitrate  of  soda. 
Sulphate  of  ammonia. 
Dried  blood. 
Cotton-seed  meal. 
Castor  pomace. 
Linseed  meal. 

2.  Containing  phosphoric  acid  as  the  chief  active  ingredient 

Dissolved  phosphate  rock. 
Basic  slag. 
Precipitated  bone. 
S.  Containing  potash  as  the  chief  active  ingredient: 
Carbonate  of  potash. 
High-grade  sulphate  of  potash. 
Double  sulphate  of  potash  and  magnesia. 
.   Muriate  of  potash. 
Kainit. 

4.  Containing  nitrogen  and  phosphoric  acid: 

Bone  manures. 
Slaughter-house  tankage. 
Dry-ground  fish. 

5.  Mixed  fertilizers: 

Nitrogenous  superphosphates. 
Special  manures. 
Home  mixtures. 

6.  Miscellaneous  fertilizers  and  manures: 

'*  Vegetable  potash." 
Cotton-hull  ashes. 
Wood  ashes. 

Lime  and  lime-kiln  ashes. 
Others,  miscellaneous. 

a  Biennial  Report,  Conn.  Agr.  Expt.  Sta.,  1907-8. 
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Trade  values  offeriilizer  eUmenU/or  1907. 

Cento  par  pound. 

Nitrogen  in  nitrates 18) 

ammonia  salts ITJ 

Oi);anic  nitrogen  in  drjr  and  fine  ground  fish,  meat,  and  blood,  and  in  mixed 

fertilizers 20) 

in  fine  bone  and  tankage 20  J 

in  coarse  bone  and  tankage 15 

Phosphoric  acid,  water-soluble 5 

citrate-soluble 4^ 

of  fine  ground  bone  and  tankage 4 

of  coarse  bone  and  tankage 3 

of  cotton-seed  meal,  castor  pomace,  and  ashes 4 

of  mixed  fertilizers,  if  insoluble  in  ammonium  citrate 2 

Potash  as  high-grade  sulphate  in  forms  free  from  muriate  (or  chlorids) 5 

as  muriate 4^ 


Compotitiion  of  the  nitrogenous  superphosphates  summarized. 


Number 
of  brands. 

Pbosphoric, 
acid. 

2 

17 
34 
H 
20 
0 
7 

Percent. 
10 
9 
8 
7 
0 

\ 

Number 
of  brands. 


2 
2 
1 
9 
2 

17 
2 

34 
8 

a 

2 

1^ 


Ammonia. 


Percent, 
8 
7 
6 
5 

4.5 
4 

3.5 
3 

2.5 
2 

1.5 
1 


Number 
of  bnmds. 

Potash. 

Perctfa. 

9 

10 

1 

8.8 

4 

8 

13 

7 

13 

6 

4 

5 

2 

4.5 

16 

4 

1 

3.8 

2 

3.5 

6 

3 

1 

2.6 

24 

2 

2 

1.5 

2 

1 

_               

Composition  of  the  nitrogenous  superphosphates. 


Number 

Phos- 

of 

pborio 

brands. 

acid. 

Percent. 

1 

10 

1 

10 

1 

9 

2 

9 

2 

9 

1 

9 

7 

9 

1 

9 

1 

9 

2 

9 

1 

8 

5 

8 

1 

8 

4 

8 

6 

8 

2 

8 

1 

8 

1 

8 

3 

8 

1 

8 

3 

8 

1 

8 

3 

8 

1 

8 

1 

8 

I 

7 

1 

7 

1 

7 

3 

7 

Am- 
monia. 


PercerU. 
3 

2.5 
4 

3.5 
3 
3 
3 

2.5 
1.5 
1 
5 
4 
4 
3 
3 
2. 
2. 
2 
2 


5 
5 


8 
5 
5 
5 


Potash. 


Percent. 

2.5 

3.5 

6 

4.5 

8 

4 

2 

2 

2 

2 

7 

7 

6 

6 

4 

3 

1.5 

3 

2 

5 

4 

3.5 

2 

1.5 

1 

10 
10 

8 

7 


Number 

of 
brands. 


Phos- 
phoric 
add. 


Percent. 
7 
7 

7.5 
7.5 
7 
7 
7 

6.5 
6 
6 
6 
6 
6 
6 
6 
6 
G 
6 
6 
5 
5 
5 
5 
5 
4 
4 
4 
"  4 
4 


Am- 
monia. 


Per  cent. 


5 
5 


.5 
.5 


4 

3 

3 

3 

3 

2.5 

1.5 

4 

3 

3 

2 

1 

5 

4 

3 

2.5 

2 


Potash. 


Percent. 

6 

5 
10 

8.8 

7 

2 

1 

2 

5 

6 
10 

7 

6 
10 

8 

7 

2 

2 

3 

4 

3 
10 

4 

2 

6 

3.8 

4 

6 

4 
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Compo9ition  of  special  brands  offertilizenfor  special  crops. 

FOR  TOBACCO. 


Number 

of 
bnmds. 


Fereenl. 
9 
8 
8 
8 
8 
8 
8 


I 
7 
6 
6 


Potash. 


Per  cent, '  Per  cent. 


3 
4 

4 

3 

2.5 

2.5 

2 

6 

5 

4 

7.25 

6 


2 

5  I 

4  I 

3  I 

3 

4 
10 

6 

8 

9 
11 


Number 

Phos- 

of 

phoric 

brands. 

add. 

Per  cent. 

1 

6 

2 

6 

6 

5 

5 

5 

4 

4 

4 

4 

3 

3 

Am- 
monia. 


Percent. 
5 
4 
3 
7 

5.5 
3.6 
7 
6 
5 

4.5 
5.5 
5 


FOR  POTATOES. 


1 

9 

I 
2        1 

5 

1     , 

1 

9 

2 

2 

1     ' 

1 

8 

4.5 

6 

1 

4 

8 

4 

7 

2 

1 

8 

3.25 

7 

1 

2 

8 

3 

7 

1     1 

3 

8 

3 

6 

3    ' 

1 

8 

3 

5 

2 

1 

8 

3 

4 

4 

3 

8 

2.5 

6 

1     I 

4 

8 

2.5    ! 

3 

1     i 

4 

8 

2 

10 

1 

1 

8 

2 

4 

1 

1 

8 

2 

3 

1 

1 

7 

6 

5 

1 

1 

7 

4.5    1 

8 

1 

6 
6 
6 
6 
6 
5 
5 
4 
4 


FOR  CORN,  GRAIN,  AND  GRASS. 


1 

10 

2 

9 

1 

9 

1 

8 

1 

8 

1 

8 

4 

8 

1 

8 

1 

8 

3 

8 

2 

1 

7 

1 

1 

4 

7 

3 

2 

2 

5 

6        , 

8 

3        ' 

B 

3 

4 

2.5 

1 

2 

5 

2 

3 

2 

2 

7.5 

7 

5 

7 

5 


6 


Potash. 


Percent. 

1 

« 

10 

10 

5 

7 

10 

6 

5 

3 

6 

5 


4 

4 

2 

2 

1.5 

1 

4 

4 

3 

2.5 

2 

2 

2 

4 

1 


7 

2 

7 

1.5 

6 

5 

6 

4.75 

6 

4.25 

6 

4 

6 

2.5 

6 

2 

5 

6  • 

4 

6 

4 

6 

4 

3.5 

3.9 

10.25 

7 
6 
6 
4 
2 
3 

10 
6 
5 
4 
4 

10 
6 
8 
8 


2 
2 
5 
2 
7 
0 
12 
3 
2 

e 

2 
5 
8 


MAS8ACHU8BTTR. 

The  following  explanatory  statement  is  taken  from  the  official  bulletin  giving  the 
results  of  the  fertilizer  inspection  for  the  season  of  1907  :<> 

The  organic  nitrogen  in  the  mixed  goods  is  valued  as  coming  from  the  best  g^rade  of 
raw  materials  and  is  counted  at  20}  cents  per  pound.  This  method  of  valuing  the 
organic  nitrogen  in  mixed  fertilizers  will  of  course  give  a  too  high  value  on  those 
goods  in  whicn  the  organic  nitrogen  has  been  derived  from  low-grade  materiids  which 
possess  slowly  available  nitrogen.  This  seems  to  be  the  only  course,  however,  at 
present,  as  the  ordinary  methods  of  analysis  will  not  discriminate  between  the  avail- 
able and  inert  forms  of  organic  nitrogen. 

»  Inspection  of  Commercial  Fertilizers,  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  119,  Decem- 
ber, 1907. 
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Soluble  phoephoric  acid  is  valued  at  5  cents  per  pound,  citrate  soluble  or  reverted 
phosphoric  acia  at  4}  cents,  and  the  phoephoric  acia  whicn  is  insoluble  in  ammonium 
citrate  ( usually  termed  *  *  insol  uble  phosphoric  acid '  * )  at  2  cents  per  pound .  Potai^  b 
valued  accordmg  to  the  form  in  which  it  is  found  present  in  tne  lertilizer.  When- 
ever a  potash  test  is  reported  in  the  tables  without  comment  or  footnote,  it  will  be 
understood  that  sufficient  chlorine  was  present  to  unite  with  all  of  the  potash.  Every 
brand  of  complete  fertilizer  is  tested  for  chlorides,  and  if  sufficient  chlorine  is  found 
to  unite  with  all  of  the  potash  it  is  taken  for  granted  that  thepotash  exists  in  the  form 
of  muriate  and  is  counted  as  worth  4^  cents  per  pound.  The  presence  of  chlorine 
does  not  necessarily  prove  that  it  is  in  combination  with  the  potash,  but  its  presence 
la  a  fertilizer  supposed  and  advertifed  to  be  free  from  chlorides  or  where  the  potash 
is  said  to  be  present  as  sulphate  or  carbonate,  is  just  as  objectionable  as  though  it  w 
actually  in  combination  with  the  potash.  Whenever  the  potash  is  guarant^d  to  be 
present  as  sulphate  and  the  analysis  shows  the  presence  of  chlorine,  a  footnote  has 
Deen  used  to  indicate  how  much  is  present  in  each  form.  Wherever  only  very  small 
c]uantities  of  chlorides  are  present  tne  potash  has  been  reported  as  sulphate.  Potadi 
in  form  of  sulphate  has  been  valued  at  5  cents  per  pound. 

Whenever  the  potash  is  guaranteed  as  carbonate  a  test  has  been  made  for  chlorides 
and  sulphates,  and  a  footnote  indicates  how  much  potash  is  present  in  each  form. 
Potash  m  form  of  carbonate  has  been  valued  at  8  cents  per  pound. 

Whenever  it  was  known  that  potash  had  been  derived  wholly  or  in  part  from  organic 
sources,  in  mixed  fertilizers,  a  total  potash  test  has  been  made  which  will  be  found 
reported  in  a  footnote.  No  attempt  nas  been  made  to  place  a  valuation  on  that  por- 
tion of  the  potash  which  is  insoluble  in  water.  It  no  doubt  has  a  commercial  value, 
but  as  we  nave  no  basis  for  establishing  its  worth,  the  results  have  simply  been 
reported  without  comment.  It  should  not  be  understood  that  all  of  the  potash  in 
vegetable  organic  compounds  is  insoluble  in  water.  As  a  matter  of  fact,  about  80  per 
cent  of  the  potash  in  cotton-seed  meal  is  recovered  in  a  water  soluble  potash 

tOfit.       *      *      ♦ 

The  agricultural  value  of  a  fertilizer  represents  its  crop-producing  poww,  which  is 
far  from  constant  on  all  soils. 

The  beneficial  effect  of  any  fertilizer  on  a  particular  soil  depends  on  whether  the 
fertilizer  in  question  contains  those  elements  of  plant  food  in  suitable  quantity  and 
quality  in  which  the  soil  is  deficient.  In  other  words  the  supply  of  plant  food  in 
soils  varies  widely  and  every  user  of  commercial  fertilizers  must  select  his  fertilizer 
according  to  the  conditions  of  his  soil  and  the  requirements  of  the  crop  which  he 
wishes  to  raise.  We  are  often  asked  which  is  the  best  mixed  fertilizer  to  use.  The 
consumer  can  better  answer  this  question  for  himself  by  a  stud v  of  his  soil  conditions 
and  crop  requirements.  A  general  statement  may  be  made,  however,  to  the  effect 
that,  all  conditions  being  equal,  the  consumer  should  select  those  fertilizers  which 
give  the  greatest  amount  of  plant  food  in  suitable  and  available  forms  for  the  least 
money.  A  study  of  the  tables  of  analyses  should  furnish  reliable  data  in  making 
fertilizer  selections.  The  tables  show  the  quality  and  q^uantity  of  the  various  essen- 
tial elements  of  plant  good  [food ]  with  the  possible  exception  of  organic  nitrogen.  Fte- 
scribed  methods  of  analysis  do  not  include  a  wholly  reliable  means  of  determining 
the  availability  of  organic  nitrogen,  and  in  all  valuations,  in  case  of  the  mixed  goods, 
it  is  assumed  that  the  organic  nitrogen  is  present  in  the  best  forms. 

The  high-grade  fertilizers  will,  as  a  general  rule,  be  the  most  economical  ones  to 
buy,  and  the  low-grade  fertilizers  will,  ordinarily,  be  the  most  expensive  ones.  In 
the  manufacture  of  the  best  goods  only  high-grade  raw  materials  and  chemicals  can 
be  used  as  the  formula  has  to  be  made  up  of  compounds  whose  united  composition 
will  furnish  the  desired  quantity  and  quality  of  plant  food  and  whose  combined 
weight  must  not  exceed  2,(K)0  pounds.  On  the  other  hand,  in  the  manufacture  of  very 
low-grade  fertilizers  the  necessary  compounds  to  supply  the  percentage  of  nitrogen, 
phosphoric  acid  and  potash  which  is  guaranteed  might  be  supplied  in  1,200  to 
1 ,500  pounds  of  material  of  good  Quality  and  the  remainder,  to  make  up  the  ton  wei^t, 
will  be  a  filler  of  some  sort  whicn  oftentimes  has  no  fertilizing  value  whatever,  re- 
sides this,  the  consumer  is  obliged  to  pay  freight  and  cartage  on  low-valued  or 
worthless  material.  Many  low-grade  goods  contain  a  hi^h  percentage  of  phosphoric 
acid.  It  should  be  borne  in  mind  that  phosphoric  acid  is  tne  cheapest  ofthe  essen- 
tial elements  of  plant  food,  and  that  some  ot  the  low-^^e  mixed  goods  contain  an 
excess  of  this  material.  Cheap  or  low-grade  fertilizers  are  sometimes  made  up  of 
crude  stock  having  a  comparatively  low  commercial  and  agricultural  value. 

There  were  317  brands  of  fertilizers  entered  for  sale  in  the  State.  Of  these,  there 
are  249  brands  of  complete  fertilizers  with  manufacturers*  guarantees  of  the  percentage 
of  phoephoric  acid,  ammonia  (nitrogen),  and  potash,  155  of  them  being  special  brands 
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for  special  crops.    An  analysis  of  these  figures  for  the  nitrogenous  superphosphates  is 
given  herewith: 

Composition  of  the  nitrogenous  superphosphates  summarized. 


Number  of 
brands. 

Phosphoric 
acid. 

Number  of 
brands. 

Ammonia. 

Number  of 
brands. 

Potash. 

Percent. 

Percent. 

Percent. 

1 

11 

18 

2 

12 

8 

10 

10.25 

1 

11 

22 

9 

8 

30 

10 

2 

8.5 

7.76 

1 

9.5 

105 

8 

7 

1 

8.76 

40 

7 

6.5 

1 

8.5 

2 

6.5 

9 

6 

9 

8 

40 

6 

2 

5.76 

2 

7.6 

15 

5 

6 

5.5 

29 

7 

1 

4.5 

16 

5 

2 

6.6      1 

13 

4 

3 

4.75 

26 

6         1 

1 

3.5 

7 

4.5 

2 

6.5 

2 

3 

7 

4.25 

22 

6 

1 

2.9 

45 

4 

2 

4.76 

1                 1 

.75 

9 

3.5 

3 

4.5 

2 

3.25 

24 

4 

43 

3 

I 

3.75 

;           30 

2.5 

1 

3.6 

1 

2.25 

24 

3 

' 

32 

2 

5 

2.6 

1 

1.75 

2 

2.26 

9 

1.5 

46 

2 

7 

1.25  ; 

8 

1.5 

14 

1 

4 

1 

1 

.25 

Composition  of  the  nitrogenous  superphosphates. 


Number 

Phos- 

Am- 
monia. 

Per  cent. 

of 

phoric 

Potash. 

brands. 

acid. 

Percent. 

Percent. 

1 

11 

3 

10 

2 

10 

4 

7 

10 

3 

2.5 

9 

4.26 

2 

9 

3.6 

4.76 

9 

3.6 

4.5 

9 

3 

2.5 

9 

3 

2 

9 

2.5 

2.26 

9 

2.6 

6 

9 

2.5 

3 

9 

2.25 

2.25 

9 

2 

2 

9 

2 

4 

9 

1.5 

2 

8.6 

1.6 

2.5 

8.6 

1 

1.5 

8 

6.6 

4     . 

8 

6 

8 

8 

6.6 

8 

8 

6.6 

6 

8 

6 

10 

8 

5 

1 

8 

4.6 

6 

8 

4.26 

7 

8 

4.25 

5 

13 

8 

7 

8 

6 

8 

5 

" 

8 

4 

8 

3 

8 

3.6 

6.5 

8 

3.5 

6 

8 

3.6 

4 

8 

3.6 

10 

8 

3.5 

8 

8 

3.25 

7 

Number 

of 
brands. 


1 
7 
2 
1 
3 
1 

11 
7 
2 
1 
1 
5 
5 
1 
2 
3 
1 
1 
4 
1 
3 
1 
2 
1 
1 
1 
1 
1 
4 
3 
2 
1 
1 
2 
1 
2 
1 


Phos- 
phoric 
acid. 

Am- 
monia. 

Potash. 

Percent. 

Percent. 

Percent, 

8 

3 

6 

8 

3 

4 

8 

3 

5 

8 

3 

3 

8 

2.6 

6 

8 

2.5 

5 

8 

2.5 

3 

8 

2.6 

1.5 

8 

2 

10 

8 

2 

5 

8 

2 

4 

8 

2 

3 

8 

2 

2 

8 

1.76 

2 

8 

1.6 

10 

8 

1.6 

2 

8 

1.25 

10 

8 

1.25 

3.6 

8 

1.25 

2 

8 

1 

6 

8 

1 

4 

8 

1 

3 

8 

1 

2 

8 

7.5 

7 

8 

6 

10 

6 

6 

5.6 

12 

6 

7 

5 

6 

6 

5 

4.6 

10 

4.5 

8.5 

.4.25 

10 

4.25 

8.75 

4 

10 

4 

9.5 

1 
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Compotition  of  the  nitrogmovM  «up<r/>Ao«p&atet— Continued. 


Number 

Phos- 

Am- 
moDla. 

Number 

Pb08- 

Am- 

of 
bnmda. 

pborio 
add. 

Potash. 

of 
brands. 

pborle 
acid. 

Potash. 

Perctnt. 

Perctnt, 

Percent. 

Perctnt. 

Perceni. 

Percent. 

4 

7 

0 

1 

2 

4 

6 

5 

18 

3 

3 

8 

« 

5 

8 

6 

5 

6 

2.6 

3 

4 

6.76 

7 

2 

2 

6          ' 

6.76 

2.6 

2 

2 

4 

6 

6 

2 

2 

2 

4.76 

2 

2 

1.6 

2 

4 

7 

1.26 

2 

3.6 

5 

1 

1 

3 

3 

6.A 

4.76 

4.6 

3 

2 

0.6 

2.6 

12 

2 

10 

6 

11 

2 

2 

2 

6 

6 

1 

10 

6 

6 

4.6 

2 

2 

6 

6 

10126 

8 

6 

4 

7 

10 

6 

1 

6 

0 

4.6 

7.6 

6 

2 

4.6 

7 

4.76 

6 

4 

10 

4 

8 

5 

4 

6 

4 

7 

3.26 

10 

4 

5 

8 

10 

4 

3.76 

3 

8 

2 

3 

4 

3 

6 

2.6 

2 

3 

4 

1 

8 

2.6 

4.5 

3.6 

4 

3 

2.5 

2 

2 

3 

6.6 

6.6 

2 

4 

t             1 

2.9 

7.76 

0.6 

2 

3 

1             . 
1             I 

.76 

6.6 

.25 

3 

1 

2 

2 

1 

1 

Compontion  of  special  brands  of  fertilixers  for  special  eropg, 

FOR  TOBACCO. 


Number 
of 

Phoe- 
phorio 

Ammo- 
nia. 

Potash. 

Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

acid. 

brands. 

add. 

1 
t 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

PercenL 

0 

2 

4 

6 

10 

0 

3 

2.6 

6.6 

12 

8 

2 

4 

6 

6 

2 

8 

2.6 

3 

4.25 

8.76 

8 

2.6 

6 

6 

11 

8 

5 

10 

6 

1 

8 

4 

7.4 

4 

7 

8 

4 

6.4 

7 

10 

8 

4 

5 

M 

5 

5 

8 

8 

3 

2 

3 

6.5 

6.5 

FOR  POTATOES. 


1 

9 

1 

9 

1 

9 

1 

8.6 

1 

8 

4 

8 

1 

8 

1 

8 

1 

8 

1 

8 

1 

8 

2 

8 

1 

8 

8 

8 

2 

8 

1 

8 

1 

8 

3.5 

2.5 

2 

1.5 

4.5 

4 

3.5 

3.5 

3 

3 

2.75 

2.5 

2.5 

2.5 

2 

2 

1.5 


4.75 

5 

2 

2.5 

6 

7 
10 

0.6 

6 

6 

5 

0 

5 

3 
10 

3 
10 


1 
1 
1 
2 
I 
1 
2 
2 
3 
1 
1 
2 
1 
1 
1 
1 


6 

5 

4.6 

8.5 

4 

4 

8 

8 

2 

2 

4 

10 

4 

8 

10 

S 

2.6 

4.5 

3 

4 

8 

■ 

1 

8 
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Composition  of  special  brands  of  fertilizers  for  special  crops — Continued. 

FOR  MARKET-GARDEN  CROPS. 


Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

brands. 

acid. 

brands. 

add. 

Percent. 

Percera. 

Percent. 

Per  cent. 

PerccnL 

PereenU. 

0 

4.25 

2 

1 

7 

4.25 

10 

8 

5.5 

8 

1 

6.5 

6 

4.5 

8 

.  8 

4 

7 

1 

6 

6 

6 

8 

5 

6    I 

1 

6 

5 

6 

8 

4 

4    ! 

2 

6 

4.5 

7 

8 

8.5 

6    ! 

2 

6 

3 

10 

8 

3.25 

7    1 

1 

5 

6 

5 

8 

3 

*    1 

1 

5 

3.5 

5 

8 

2 

5    ! 

1 

6 

2 

10 

8 

2 

2    : 

1 

4 

4 

7 

8 

i 

10 

1 

4 

4 

5 

7 

5 

6 

1 

4 

2.5 

2 

7 

5 

5 

1 

2.9 

8 

65 

FOR  CORN,  GRAIN,  AND  GRASS. 


2 

10 

4 

7 

7 

4 

10 

2 

9 

3 

2 

7 

2 

2 

9 

2.5 

3 

7 

1.5 

2 

8 

6 

8 

7 

1 

1 

8 

5.5 

5 

6.6 

2.5 

12 

8 

4 

3 

6 

5 

5 

8 

3.25 

8 

6 

4.5 

7 

8 

3 

6 

6 

3 

10 

8 

3 

4 

6 

3 

8 

8 

2.5 

1.5 

6 

2 

3 

8 

2 

8 

6 

6.5 

7 

8 

2 

2 

2 

5 

6 

2.5 

8 

1.5 

2 

5 

5 

6 

7 

8 

7.5 

0    \ 

5 

5 

2 

7 

7 

8 

4 

6 

2 

7 

5 

7 

4 

6 

6 

7 

5 

6 

3.9 

10.25 

8 

MAINE.  <I 

The  following  explanatory  statement  is  taken  from  pages  85-89  of  the  official  bulielin 
giving  the  results  of  the  fertilizer  inspection  by  the  Maine  station  for  1908: 

The  law  regulating  the  sale  of  commercial  fertilizers  in  this  State  calls  for  two  bulle- 
tins each  year.  The  first  of  these  contains  the  analyses  of  the  samples  received  from 
the  manufacturer,  guaranteed  to  represent,  within  reasonable  limits,  the  goods  to  be 
placed  upon  the  market  later.  Tne  second  bulletin  contains  the  analyses  of  the 
samples  collected  in  the  open  market  b)r  a  representative  of  the  station. 

In  the  tables  which  follow  the  discussion  there  are  given  the  results  of  the  analyses 
of  the  manufacturers'  samples  of  licensed  brands.  The  tables  include  all  the  brands 
which  have  been  licensed  to  February  10, 1908.  Dealers  are  cautioned  against  han- 
dling brands  not  given  in  this  list  without  firet  writing  the  station.    *    *    * 

To  produce  profitable  crops  and  at  the  same  time  to  maintain  and  even  to  increase 
the  productive  capacit}^  of  the  soil  may  rightly  be  termed  ''good  farming."  Many 
farmers  are  able  to  do  this,  and  the  knowledge  of  now  to  do  it  has  been  laigehr  acquired 
through  years  of  experience,  during  which  the  character  of  the  soil,  its  adaptsibility 
for  crops,  and  the  methods  of  its  management  and  ipanuring  have  been  made  the  sub- 
jects of  careful  study,  without,  however,  any  definite  and  accurate  knowledge  con- 
cerning manures  ana  their  functions  in  relation  to  soils  and  crops.    *    *    * 

Soils  vary  greatly  in  their  capabilities  of  supplying  food  to  crops.  Different  ingre- 
dients are  deficient  in  different  soils.  The  way  to  learn  what  materials  are  proper  in 
a  given  case  is  by  observation  and  experiment.  The  rational  method  for  determining 
what  ingredients  of  plant-food  a  soil  faus  to  furnish  in  abundance,  and  how  these  lacking 
materials  can  be  most  economically  supplied,  is  to  put  the  question  to  the  soil  with 
different  fertilizing  materials  and  get  the  reply  in  the  crops  produced.    *    *    * 


o Maine  Agr.  Expt.  Sta.,  Bull.  153,  March,  1908. 
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*  *  *  It  is  good  fanning  to  make  the  most  of  the  natural  resourceB  of  the  »i\ 
and  of  the  manures  produced  on  the  farm  and  to  depend  upon  artificial  fertilizers  od1\ 
to  furnish  what  more  is  needed.  It  is  not  good  economy  to  pay  high  prices  k 
material  which  the  soil  may  itself  yield,  but  it  is  good  economy  to  suppl^  thelackiss 
ones  in  the  cheapest  way.  The  rule  in  the  purchase  of  costly  commercial  fertilizei? 
should  be  to  select  those  that  supply,  in  the  best  forms  and  at  the  lowest  cost,  tbf 
plant-food  which  the  crop  needs  ana  the  soil  fails  to  furnish. 

Plants  differ  widely  with  respect  to  their  capacities  for  gathering  their  food  from  m 
and  air;  hence  the  proper  fertilizer  in  a  given  case  depends  upon  the  crop  as  well  a? 
upon  the  soil.  The  fertility  of  the  soil  would  remain  practically  unchanged  if  all 
the  ingredients  removed  in  the  various  farm  products  were  restored  to  the  land.    *  *  * 

The  term  "  form  "  as  applied  to  a  fertilizing  constituent  has  reference  to  its  combina- 
tion or  association  with  other  constituents  which  may  be  useful,  though  not  nem- 
sarily  so.  The  form  of  the  constituent,  too,  has  an  important  bearing  upon  its  avail- 
ability^, and  hence  upon  its  usefulness  as  plant  food.  Many  materials  containing  the 
essential  elements  are  practically  worthless  as  sources  of  plant  food  because  the  fann 
is  not  right;  the  plants  are  unable  to  extract  them  from  tneir  combinations;  they  an- 
''unavaUable."  In  many  of  these  materials  the  forms  maybe  changed  by  proper 
treatment,  in  which  case  they  become  valuable  not  because  the  element  itseli  b 
changed,  but  because  it  then  exists  in  such  form  as  readily  to  feed  the  plant.    *  *  * 

The  agricultural  value  of  any  fertilizing  constituent  is  measured  by  the  value  of  the 
increase  of  the  crop  produced  by  its  use,  and  is,  of  course,  a  variable  mctor,  depending 
upon  the  availability  of  the  constituent  and  the  value  of  the  crop  produced .  The  form 
'  of  the  materials  usea  must  be  carefully  considered  in  the  use  of  manures.  Slow-acting 
materials  can  not  be  expected  to  give  profitable  returns  upon  quick-growing  crope,  nor 
expensive  materials  profitable  returns  when  used  for  crope  of  relatively  low  value. 

The  agricultural  value  is  distinct  from  what  is  termed  *' commercial  value,"  or  coA 
in  market.  This  last  is  determined  by  market  and  trade  conditions,  as  cost  of  produr- 
tion  of  the  crude  materials,  methods  of  manipulation  required,  etc.  Since  there  l« 
no  strict  relation  between  agricultural  and  commercial  or  market  value,  it  mav  happen 
that  an  element  in  its  most  available  form,  and  under  ordinary  conditions  of  high  akri- 
cultural  value,  costs  less  in  market  than  the  same  element  in  lees  available  forma  and  of 
a  lower  agricultural  value.  The  commercial  value  has  reference  to  the  material  as  an 
article  of  commerce;  hence  comm^ial  ratings  of  various  fertilizers  have  reference 
to  their  relative  cost  and  are  used  largely  as  a  means  by  which  the  different  material: 
may  be  compared. 

There  were  209  brands  of  fertilizers  placed  upon  the  market,  of  which  186  brand? 
were  complete  fertilizers,  containing  phosphoric  acid,  ammonia  (nitrogen),  and  potash. 
which  we  will  call  nitrogenous  superphosphates.  Of  these,  63  brands  were  designated 
as  special  brands  for  potatoes,  and  35  brands  for  com,  grass,  and  grain.  An  analysis  of 
the  guaranteed  figures  shows  the  following  composition  of  the  brands  of  fertilizers  sold 
in  the  State  of  Maine: 

Composition  of  the  nitrogenous  superphosphates  summarized. 


Number  of 
brands. 


1 

10 
W 
30 

38 

4 
3 
1 


Phosphoric 
acid. 


Percent, 
10 
9 
8 
7 
0 
5 
4 
3 


Nunberof 
brands. 


1 

1 

9 

1 

6 

22 

2 

61 

29 

24 

6 

11 

22 

1 


Ammonia. 


Percent, 

7 

6  . 
5 

4.75 
4.50 
4 

3.5 
3 

2.5 
2 

1.5 
1.25 
1 
.5 


Nmnber  of 
brands. 

Potash. 

Percent. 

1 

13 

48 

10 

6 

8 

23 

7 

12 

6 

8 

5 

15 

4 

23 

3 

2 

2.5 

32 

2 

13 

1.5 

8 

1 
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Compontion  of  the  nitrogenous  superphosphates. 


•Number 

Phos- 

Am- 
monia. 

Number 

Phos- 

Am- 
monia. 

of 
brands. 

phoric 
acid. 

Potash- 
Percent. 

of 
brands. 

phoric 
acid. 

Potash. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

10 

4 

7 

3 

5 

7 

9 

4 

6 

6 

4.5 

10 

9 

3 

2 

3 

3 

8 

9 

2 

2 

3 

5 

9 

2 

12 

2 

4 

9      ' 

1.5 

2 

2 

0 

8 

5 

7 

1.5 

2 

8 

4 

'g  4 

1 

8 

4 

7.5 

3 

8 

3.5 

4 

6 

5 

17 

8 

3 

7 

17 

6 

10 

8 

3 

6 

6 

3.5 

10 

8 

3 

4 

10 

6 

3 

10 

8 

2.5 

6 

6 

3 

5 

14 

8 

2.5 

3 

6 

2 

2 

11 

8 

2.5 

1.5 

6 

1.5 

3 

8 

2 

10 

6 

1 

6 

8 

2 

5 

6 

1 

4 

8 

2 

4 

5 

1 

2 

8 

2 

3 

5 

4.76 

2 

8 

2 

2 

5 

4 

10 

11 

8 

1.25 

2 

5 

3 

10 

8 

1 

4 

5 

1 

10 

8 

1 

3 

4 

6 

6 

2 

8 

1 

2 

4 

1 

8 

2 

8.6 

1.5 

2.5 

4 

1  . 

2 

2 

7 

5 

10 

3 

7 

8 

1 

7 

5 

8 

Composition  of  special  brands  of  fertilizers  for  special  crops. 

FOR  POTATOES. 


Number 

Phos- 

Am- 
monia. 

Number 

Phos- 

Am- 
monia. 

of 
brands. 

phoric 
acid. 

Potash. 

of 
brands. 

phoric 
acid. 

Potash. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

9 

2 

12 

1 

7.5 

1 

3 

8.5 

1.5 

2.5 

1 

5 

10 

8 

4 

10 

3 

4.5 

10 

8 

4 

7 

1 

3 

8 

8 

3 

6 

1 

3 

6 

8 

3 

4 

1 

2.5 

8 

8 

2.5 

6 

2 

2 

4 

8 

2.6 

5 

12 

6 

4 

10 

11 

8 

2.5 

4 

5 

0 

3 

10 

8 

2 

10 

3 

•  6 

3 

6 

8 

2 

4 

1 

6 

1.26 

4 

8 

2 

3 

1 

6 

1 

6 

8 

2 

2 

:          1 

4 

1 

8 

8 

1 

4 

1 

FOR  CORN,  GRAIN,  AND  GRASS. 


1 

10 

4 

7 

!            2 

8 

1.25 

*       2 

1 

9 

3 

2 

1 

7 

5 

7 

1 

8.6 

1.5 

2.5 

1 

7 

1.5 

2 

1 

8.6 

1 

1.5 

3 

7 

1 

1 

1 

8 

6 

7 

3 

6 

3 

10 

3 

8 

4 

7 

1 

6 

3 

6 

1 

8 

2.5 

6 

1 

6 

1.5 

3 

5 

8 

2.6 

1.5 

1 

6 

5 

2 

3 

8 

2 

3 

1 

4 

6 

6 

4 

8 

2 

2 
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NORTH   CAROLINA. 

There  were  1,805  brands  of  fertilizers  registered  for  sale  in  North  Carolina  in  the 
spring  season  of  1908.  The  following  explanatory  matter  or  advice  as  to  making  suit- 
able selections  from  this  great  mass  of  material  is  taken  from  the  official  bulletin 
giving  the  results  of  the  inspection^a  and  is  probably  about  all  that  can  be  safely  and 
positively  stated  in  a  general  way  with  our  present  knowledge  of  fertilizers,  soil,  and 
crops,  but  it  is  in  strange  contrast  with  the  assurance  and  knowledge  implied  in  the 
names  and  compositions  of  the  brands  put  out  by  the  different  manubtcturers: 

The  analyses  presented  in  this  bulletin  are  of  samples  collected  by  the  fertilizer 
inspectors  of  the  department,  under  the  direction  of  the  Commissioner  of  Agriculture, 
during  the  spring  months  of  1908.  They  Should  receive  the  careful  study  of  even' 
farmer  in  the  State  who  uses  fertilizers,  as  by  comparing  the  analyses  in  the  bulletin 
with  the  claims  made  for  the  fertilizers  actually  used,  the  farmer  can  know  by,  or 
before,  the  time  fertilizers  are  put  in  the  ground  whether  or  not  they  contain  the  fer- 
tilizing constitutents  in  the  amounts  they  were  claimed  to  be  present.    *    *   * 

Water-soluble  ammonia. — The  main  materials  furnishing  ammonia  in  fertilizer? 
are  nitrate  of  soda,  sulphate  of  ammonia,  cotton-seed  meal,  dried  blood,  tankage,  and 
fish  scrap.  The  first  two  of  these  (nitrate  of  soda  and  sulphate  of  ammonia)  are  easily 
soluble  m  water  and  become  well  distributed  in  the  soil  where  plant  roots  can  get  at 
them.  They  are,  especially  the  nitrate  of  soda,  ready  to  be  taken  up  by  plants,  and 
are  therefore  auick-acting  forms  of  ammonia.  It  is  mainly  the  ammonia  m)m  nitrate 
of  soda  and  sulphate  of  ammonia  that  will  be  designated  under  the  heading  of  water- 
soluble  ammonia. 

Organic  ammonia. — The  ammonia  in  cotton-seed  meal,  dried  blood,  tankage,  fish 
scrap,  etc.,  is  included  under  this  heading.  These  materials  are  insoluble  in 
water,  and  before  they  can  feed  plants  thev  must  d^cay  and  have  their  ammonia 
changed,  by  the  aid  of  the  bacteria  of  the  soil,  to  nitrates,  similar  to  nitrate  of  soda. 

They  are  valuable  then  as  plant  food  in  proportion  to  their  content  of  ammonia,  and 
the  rapidity  with  which  they  decay  in  the  soil,  or  rather  the  rate  of  decay,  will  deter- 
mine the  quickness  of  their  action  as  fertilizers.  With  short  season,  quick-growing 
crops,  quickness  of  action  is  an  important  consideration,  but  with  crops  occupying 
the  land  during  the  greater  portion  or  all  of  the  growing  season  it  is  better  to  have  a 
fertilizer  that  will  become  available  more  slowly,  so  as  to  feed  the  plant  till  maturity. 
Cotton-seed  meal  and  dried  blood  decompose  fairly  rapidly,  but  will  last  the  greater 
portion,  if  not  all,  of  the  erowing  season  in  this  State.  While  cotton  seed  and  tankage 
will  last  longer  than  meal  and  blood,  none  of  these  act  so  quickly  or  give  out  so  soon 
as  nitrate  of  soda  and  sulphate  of  ammonia. 

Total  ammonia  is  made  up  of  the  water-soluble  and  organic;  it  \b  the  sum  of  th^ 
two. 

The  farmer  should  suit,  as  far  as  possible,  the  kind  of  ammonia  to  his  different  crops, 
and  a  study  of  the  forms  of  ammonia  as  given  in  the  tables  of  analyses  will  help  bun 
to  do  this. 

The  general  character  of  the  brands  is  as  follows: 

Material  valued  only  for  phosphate  supplied:  ^^* 

Acid  phosphate,  slag,  ana  raw  rock 236 

Material  valued  only  for  nitrogen  supplied: 

Nitrate  of  soda 45 

Sulphate  of  ammonia 11 

Fish  scrap 6 

Dried  blood 8 

70 

Material  valued  only  for  potash  supplied: 

Kainit 61 

Muriate  of  potash 37 

Sulphate  of  potash 24 

Mixed  salts 1 

Material  valued  only  for  phosphoric  acid  and  nitrogen  supplied:  , 

Bone  and  tankage ** 

^Analyses  of  Fertilizers,  spring  season  1908,  the  Bulletin  of  the  North  Carolina 
Department  of  Agriculture,  vol.  29,  No.  4,  April,  1908. 
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Mixed  fertilizers:  Brands. 

Containing  nitrogen  and  potash 5 

Containing  phosphoric  acid  and  potash 246 

Complete  fertilizers,  containing  phosphoric  acid,  nitrogen,  and  potash 1, 092 


1,805 


Of  the  1,092  brands  of  complete  fertilizers,  504  are  special  brands  for  special  crops, 
as  follows: 

3  brands  for  fruit. 
176  brands  for  tobacco. 
11  brands  for  peanuts. 
38  brands  for  corn,  grain,  and  grass. 
94  brands  for  cotton. 
68  brands  for  potatoes. 
114  brands  for  truck. 
Nearly  half  of  the  complete  fertilizers,  or  nearly  a  third  of  the  whole  number  of 
brands  offered  for  sale,  purport  to  be  special  brands  for  special  crops. 

The  246  fertilizers  contaming  only  phosphoric  acid  and  potash  nave  the  following 
composition : 

Composition  of  fertilizers  analyzed. 


Number  of 
brands. 

Phosphoric 
acid. 

Potash. 

Number  of 
brands. 

Phosphoric 
acid. 

Potash. 

Percent. 

Percent. 

Percent. 

Percent. 

1 

21 

37 

4 

10 

6 

1 

13 

4 

12 

10 

6 

2 

12 

3 

42 

10 

4 

3 

12 

6 

13 

10 

3 

7 

12 

5 

81 

10 

2 

7 

12 

4 

1 

9 

4 

8 

12 

3 

6 

8 

6 

2 

12 

1 

38 

8 

4 

4 

11 

5 

1 

8 

2 

6 

11 

2 

3 

7 

5 

5 

11 

1 

The  following  special  brands  for  special  crops  are  contained  in  the  phosphoric-acid 
and  potash  fertilizers: 

Composition  of  special  phosphoric-acid  and  potash  fertilizers  for  special  crops. 


For  peanuts. 

1 

For  potatoes. 

1 

For  com,  grain,  and  gnss. 

Number 
of  brands. 

Pho». 

phoric 

acid. 

Potash. 

Number 
of  brands. 

Phos- 
phoric 
acid. 

Potash. 

1 

Number 
of  brands. 

Phos- 
phoric 
acid. 

Potash. 

1 
1 
3 
3 

Percent. 

11 

10 

8 

7 

Per  cent. 
2 
2 
4 
5 

1 

1 

Percent. 
10 
10 

Per  cent. 
G 
2 

1 
3 

1 

a 

6 

11 

12 

Percent. 
12 
12 
10 
10 
10 
10 
8 

Per  ceitt. 
5 
4 
G 
4 
3 
2 
4 
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Composition  of  the  1,092  brands  of  complete /ertUizers  summarized. 


Number  of 
brands. 


rhosphorie 
m*id. 


I 


I 

1 

I 

1 

2 

2 

I 

4K 

20 

6G2 

81 

7» 

26 

9 

3 

3 

1 


Number  of 
biunds. 

Ammonia. 
Per  cent. 

1 

Number  of 
braud:i. 

Potash. 

Per  cent. 

1 

27.5 

17 

10 

1 

11 

2 

9 

20 

10 

17 

8 

3 

7.6 

59 

7 

44 

7 

37 

6 

1 

6.75 

98 

5 

15 

6 

I 

4.5 

2 

5.5 

117 

4 

7« 

6 

282 

3 

2 

4.75 

2 

2.75 

7 

4.5 

42 

2.5 

1 

4.25 

2 

2.25 

91 

4 

364 

2 

11 

3.5 

• 

1.5 

2 

3.25 

44 

1 

246 

3 

42 

2.75 

132 

2.5 

22 

2.25 

320 

2 

41 

1 

( 

ComposU 

ion  of  the  1,092  brands  of  complete /ert%lizer$ 

• 

Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Percent. 

Potash. 

Number 
of 

Phos- 
phorlo 

Ammo- 
nia. 

Potash. 

brands. 

add. 

brands. 

add. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

1 

25 

4 

6 

3 

8 

2.5 

4 

1 

23 

2 

2 

55 

8 

2.5 

3 

1 

17 

3.5 

3 

5 

8 

2.5 

2.5 

1 

16 

2 

2.5 

33 

8 

2.5 

2 

1 

15 

4.25 

3 

6 

8 

2.5 

1.6 

1 

15 

3 

5 

1 

8 

2.6 

1 

2 

12 

2 

2 

1 

8 

2.25 

2.5 

1 

11 

3 

4 

2 

8 

2.25 

2.2S 

3 

10 

4 

5 

3 

8 

2 

10 

2 

10 

4 

4 

3 

6 

2 

6 

2 

10 

3 

10 

5 

8 

2 

5 

6 

10 

3 

3 

8 

8 

2 

4 

1 

10 

3 

2 

11 

8 

2 

3 

1 

10 

2 

5 

210 

8 

2 

2 

1 

10 

2 

4 

1 

8 

2 

1 

1 

10 

2 

3 

9 

8 

1 

4 

15 

10 

2 

2 

5 

8 

1 

3 

1 

10 

1 

5 

1 

8 

5 

5 

10 

1 

3 

1 

7.5 

10 

9 

10 

1 

1 

16 

7 

7 

I 

9 

27.5 

2 

1 

7 

5 

1 

9 

6.75 

2 

1 

7 

4 

1 

9 

5 

7 

1 

6 

6 

1 

9 

5 

3 

2 

6 

5 

1 

9 

4 

7 

10 

5 

8 

1 

9 

4 

5 

8 

5 

7 

1 

9 

4 

2.5 

1 

5 

6 

1 

9 

3.5 

9 

18 

5 

5 

3 

9 

3.5 

5 

1 

5 

4 

2 

9 

3 

6 

1 

4.5 

6 

1 

9 

3 

5 

1 

4 

8  • 

1 

9 

3 

4 

1 

4 

1 

13 

9 

3 

3 

1 

4 

5 

4 

9 

3 

2 

5 

4 

4 

1 

9 

2.25 

1 

1 

3.5 

7 

22 

9 

2.75 

2 

1 

3.25 

2.75 

5 

9 

2.5 

5 

1 

3 

10 

4 

9 

2.5 

3        1 

1 

3 

7 

6 

9 

2.5 

2 

1 

3 

5 

4 

9 

2.5 

1 

1 

3 

4 

9 

9 

2.25 

4 

2 

3 

3 

1 

9 

2.25 

3 

1 

3 

2 

8 

9 

2.25 

1 

1 

2 

5 

1 

9 

2 

4 

1 

2 

4 

2 

8 

2.75 

2.5 

5 

2 

3 

6 

8 

2.75 

2 

18 

2 

2 

2 

8 

2.5 

6 

17 

2 

1 

1 

8 

2.5 

5 

1 

4 

1 

9 

1 

3 
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Composition  of  the  1^092  brands  of  complete  fertilizers — Continued. 


Number 
of 

Ph08- 

phorio 

Ammo- 
nia. 

Potash. 

Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

brands. 

add. 

brands. 

acid. 

Percent. 

Percent. 

Percent. 

PfT  cent. 

Percent. 

Percent. 

8 

9 

1 

2 

20 

6 

7 

5 

1 

8.5 

3 

4 

1 

6 

6 

8 

1 

8.5 

3 

2.5 

2 

6 

6 

7 

1 

8.5 

2.75 

2 

5 

6 

6 

6 

4 

8.5 

2,5 

2.5 

1 

6 

6.6 

10 

3 

8.5 

2.5 

1 

15 

6 

6 

7 

15 

8.5 

2 

2 

2 

6 

5 

6 

1 

8.5 

2 

1.6 

3 

6 

5 

6     . 

1 

8 

6 

6 

1 

6 

4.5 

4 

1 

8 

6 

5 

1 

0 

4 

8 

5 

8 

5 

7 

6 

6 

4 

4 

7 

8 

5 

5 

1 

6 

3 

6 

1 

8 

5 

3 

5 

6 

3 

3 

•     1 

8 

5 

2 

1 

6 

3 

2.6      , 

1 

8 

4.75 

4 

1 

6 

2.6 

3         ' 

1 

8 

4.75 

2.75 

2 

6 

2 

6 

4 

8 

4.5 

7 

1 

6 

2 

6 

1 

8 

4.5 

4 

1 

6 

2 

4.5 

2 

8 

7 

5 

5 

10 

3 

4 

8 

6 

7 

5 

10 

2.5 

3 

8 

5 

2 

5 

10 

2 

40 

8 

4 

1 

5 

8 

3 

6 

8 

3 

2 

5 

7 

6 

1 

8 

2.6 

1 

6 

6 

9 

1 

8 

2 

1 

5 

6 

7 

1 

8 

3.5 

7.5 

2 

5 

5 

5 

2 

8 

3.5 

5 

1 

5 

4 

6 

1 

8 

3.5 

4 

1 

5 

3 

6 

1 

8 

3.5 

3 

1 

5 

2 

10 

1 

8 

3.25 

2 

1 

5 

2 

6 

6 

8 

3 

10 

1 

5 

2 

5 

1 

8 

3 

6 

1 

4 

7.6 

2.6 

7 

8 

3 

5 

1 

4 

4 

8 

15 

8 

3 

4 

3 

4 

4 

6 

146 

8 

3 

3 

2 

4 

4 

4 

8 

8 

3 

2.5 

1 

4 

S 

6 

11 

8 

3 

2 

1 

4 

3 

6 

1 

8 

2.76 

10 

2 

3 

10 

4 

2 

1 

2.75 

4 

1 

3 

8.5 

2 

1 

8 

2.75 

3 

1 

2 

11 

4 

1 

6 

10 

2.5 

1 

2 

10 

5 

2 

6 

10 

2 

1 

2 

7.5 

1.5 

1 

6 

7 

7 

1 

1 

8 

10 

3 

6 

7 

6 

There  are  184  combinations  in  these  1,092  brands,  not  counting  the  differences  in 
material  of  which  they  are  composed.  There  are  37  combinations,  embracing  833 
brands,  or  76  per  cent  of  the  whole  number,  which  have  6  or  more  brands  with  identical 
combinations,  as  follows: 

Fertilizers  having  identical  composition. 


Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

Number 
of 

Phos- 
phoric 

Ammo- 
nia. 

Potash. 

brands. 

acid. 

brands. 

acid. 

Percent. 

Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

210 

8 

2 

2 

9 

10 

1 

1 

146 

8 

-     3 

3 

9 

9 

2.25 

4 

55 

8 

2.6 

3 

9 

8 

2.75 

2.5 

40 

8 

4 

4 

9 

8 

1 

4 

33 

8 

2.5 

2 

8 

9 

2.25 

1 

22 

9 

2.75 

2 

8 

9 

1 

2 

20 

6 

7 

5 

8 

8 

3 

2.5 

18 

9 

2 

2 

8 

8 

2 

4 

18 

7 

5 

5 

8 

7 

5 

7 

17 

9 

2 

1 

7 

8 

5 

5 

16 

7 

7 

7 

7 

8 

3 

5 

15 

10 

2 

2 

7 

5 

10 

2.6 

15 

8.6 

2 

2 

6 

10 

3 

3 

15 

8 

3 

4 

6 

9 

2.5 

2 

15 

6 

6 

7 

6 

8 

4 

3 

13 

9 

3 

3 

1             « 

8 

3 

10 

11 

8 

2 

3 

6 

8 

2.76 

2 

11 

8 

3 

2 

6 

6 

4 

4 

10 

7 

5 

8 
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Composition  of  special  brands  offertilizert/or  special  crops. 

FOR  TOBACCO. 
[176  special  brands.) 


Number 
of 

Phos- 
phoric 

Ammo- 
nla. 

Potash. 

Number 
of 

Phos- 
phoric 

nla. 

Potash. 

brands. 

add. 

brands. 

add. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent, 

2 

9 

3.5 

5 

5 

8 

3 

5 

7 

9 

3 

3 

6 

8 

3 

4 

2 

9 

2.75 

2 

49 

8 

3 

3 

9 

2.5 

3 

2 

8 

2 

3.6 

9 

2.5 

2 

3 

8 

3 

2 

9 

2.75 

4 

1 

8 

2.75 

4 

9 

2 

2 

1 

8 

2.75 

2.5 

8.5 

3 

4 

13 

8 

2.5 

2.5 

8.5 

3 

2.5 

21 

8 

2.5 

3 

8.5 

2.75 

2 

2 

8 

2.25 

2.5 

8.5 

2.5 

2.5 

2 

8 

2 

4 

8.5 

2 

2 

2 

8 

2 

3 

8 

4.75 

4 

20 

8 

2 

2 

8 

7 

1 

6 

3 

3 

8 

5 

1 

5 

6 

9 

8 

3 

1 

5 

4 

6 

8 

2.5 

2 

4 

4 

6 

9 

8 

4 

1 

4 

3 

6 

8 

3.5 

5 

1 

4 

3 

5 

8 

3 

10 

FOR  COTTON. 
[94  special  brands.] 


FOR  POTATOES. 
[68  special  brands.] 


2 

10 

3 

3 

19 

8 

3 

3 

1 

10 

2 

3    1 

2 

8 

3 

2 

2 

U) 

2 

2 

8 

2.75 

2 

1 

10 

1 

3 

8 

2.5 

3 

4 

9 

3 

4 

8 

2.5 

2 

7 

9 

2.75 

2 

8 

2.5 

1.5 

1 

9 

2.5 

2 

31 

8 

2 

2 

4 

9 

2 

1 

7 

3.25 

2.75 

2 

9 

1 

3 

7 

2 

.      5 

2 

8.5 

2 

2 

6 

3 

3 

1 

8 

4 

6 

6 

3 

2.5 

5 

8 

4 

4 

4 

4 

4 

1 

8 

4 

3 

1 

1 

16 

2 

2.5 

7 

3.5 

7 

1 

8 

5 

7 

7 

3 

10 

1 

8 

4.5 

7 

7 

3 

7 

1 

8 

4 

5 

6 

7 

7 

2 

8 

4 

4 

6 

7 

6 

1 

8 

3 

5 

6 

7 

5 

1 

8 

3 

4 

6 

6 

7 

1 

8 

3 

3 

6 

5 

7 

3^ 

8 

2 

10 

6 

5 

5 

1 

8 

2 

5 

6  . 

4 

4 

1 

7.5 

10 

6 

2 

6 

4 

7 

7 

5 

7 

5 

5 

5 

8 

5 

6 

7 

6 

5 

7 

5 

3 

6 

3 

5 

5 

5 

2 

10 

1 

4 

8 

4 

4 

8 

1 

4 

7 
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Componium  of  special  brands  of  fertilizers  for  special  crops — Continued. 

FOR  CORN,  GRAIN,  AND  GRASS. 
[38  special  branda.) 


Number 

Phos- 

Am- 
monia. 

Number 

Phos- 

Am- 
monia. 

of 
brands. 

phoric 
acid. 

Potash. 

of 
brands. 

phoric 
acid. 

Percent. 

PofASh. 

Per  cent. 

PcT  cent. 

Percent. 

Percent. 

Percent. 

11 

3 

4 

3 

9 

1 

2 

10.5 

2 

5 

1 

8 

3 

6 

10 

2 

4 

12 

8 

2 

2 

10 

2 

2 

k 

8 

1 

3 

10 

1 

5 

2 

6 

3 

3 

10 

1 

3 

2 

5 

10 

2 

10 

1 

1 

1 

5 

2 

5 

9.5 

2 

1 

1 

4 

7.5 

2.5 

9 

2 

1 

1 

1 

8 

10 

FOR  TRUCK  CROPS. 
[114  special  brands.] 


1 

25 

4 

6 

1 

8 

5 

3 

10 

4 

5 

9 

7 

7 

1 

10 

4 

4 

2 

6 

5 

2 

10 

3 

10 

5 

5 

8 

1 

10 

2 

2 

2 

5 

7 

1 

0 

3.5 

0 

12 

5 

5 

1 

8 

6 

6 

1 

5 

4 

1 

8 

6 

5 

1 

4 

5 

3 

8 

5 

7 

1 

3 

5 

5 

8 

5 

5 

2 

6 

10 

2 

1 

8 

5 

3 

1 

6 

7 

6 

1 

8 

4.5 

7 

11 

6 

7 

5 

1 

8 

4.5 

4 

2 

6 

6 

6 

1 

8 

4 

5 

3 

6 

5 

7 

7 

8 

4 

4 

1 

6 

5 

6 

1 

8 

4 

3 

1 

6 

5 

5 

3 

8 

3 

10 

2 

6 

2.75 

8 

1 

8 

3 

3 

1 

6 

2.75 

4 

1 

8 

3 

4 

1 

6 

2 

4.5 

1 

8 

2.5 

6 

5 

5 

10 

3 

3 

8 

2.5 

4 

4 

5 

10 

2.5 

1 

8 

2.5 

3 

1 

5 

8 

3 

2 

8 

2 

4 

1 

5 

5 

5 

1 

8 

2 

2.25 

ALABAMA. 


The  following  extracts  from  the  Alabama  law  and  comments  on  the  same  are  taken 
from  the  official  bulletin  giving  the  results  of  the  fertilizer  inspection  for  1908  :<> 

Sec.  6.  No  complete  fertilizer,  acid  phosphate  with  potash,  acid  phosphate  with 
nitrogen,  or  plain  acid  phosphate  shall  be  sold  in  this  State  which  contains  less  than 
14  per  cent  plant  food,  namely:  Available  phosphoric  acid,  nitrogen  calculated  as 
ammonia,  and  potash,  either  singly  or  in  combination;  provided,  that  no  complete 
fertilizer  shall  be  sold  in  the  State  which  contains  less  than  one  and  sixty-five-nim- 
dredths  per  cent  of  nitrogen  equivalent  to  2  per  cent  of  ammonia. 

Sec.  10.  No  person,  company,  dealer,  or  agent  shall  sell,  expose,  or  offer  for  sale,  in 
this  State,  any  pulverized  leather,  raw,  steamed,  roasted,  or  in  any  other  form,  either 
as  a  fertilizer  or  fertilizer  material,  without  first  having  made  full  and  explicit  state- 
ment of  the  fact  and  registration  with  the  commissioner  of  agriculture  ana  industries 
and  furnishing  satisfactory  proof  that  the  nitrogen  is  sufficiently  available  and  valuable 
for  the  purpose  of  [for?]  which  it  is  sold. 

As  a  result  of  the  enactment  of  the  l^slation  referred  to^  the  quality  of  the  fertilizers 
found  upon  the  market  during  the  present  season  is  considerably  hieher  than  hereto- 
fore, thoueh  the  increase  in  plant  food  is  chiefly  in  the  phosphoric  acid  of  the  fertilizer. 
It  is  noted  that  owing  to  the  change  in  the  minimum  limit  of  plant  food  some  brand 

a  Annual  Keport  on  Fertilizers,  August  1,  1908,  Dept.  of  Agr.,  Montgomery,  Ala. 
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supplying  the  eflsential  fertilizing  constituents  in  entirely  different  proportions  from 
those  heretofore  supplied  by  the  brands  upon  the  market  have  been  listed  for  sale 
during  the  present  season^  and  it  seems  quite  probable  that  good  results  will  follow  the 
elimination  of  such  fertilizers  as  the  10-1-1  goods.  Fertilizers  of  this  last-mentioned 
grade  supply  only  1  per  cent  each  of  potash  and  ammonia,  and  where  the  practice  of 
applying  1  sack  per  acre  of  such  a  mixture  has  been  adopted,  only  2  pounds  each  oi 
ammonia  and  pota^  are  employed  per  acre  of  land.  Inasmuch  as  many  of  our 
average  soils,  to  a  depth  of  6  inches,  will  weigh  about  2,000,000  pounds  per  acre,  it  will 
be  seen  that  the  application  of  such  small  amounts  of  ammonia  and  potash  would  add 
to  the  soil  a  relatively  insignificant  amount  of  plant  food,  and  where  these  two  par- 
ticular constituents  are  needed  by  the  soil  they  are  usually  needed  in  much  laig^ 
proportions. 

The  situation  with  respect  to  the  guaranteed  composition  of  the  brands  on  sale  in 
Alabama  is  simplicity  itself  as  compared  with  the  figures  for  the  four  States  already 
mentioned.  There  are  364  brands  of  complete  fertilizers  on  sale  in  the  State,  of  which 
•H41  brands,  or  94  per  cent,  have  the  following  guaranteed  composition: 

Composition  o/fertilizeri. 


Number 
of 

PhOB- 

phorio 

Ammo- 
nia. 

Potash. 

1 

,  Number 

'       of 

Phoe- 
phoric 

Ammo- 
nia. 

Potash. 

bran<i9* 

add. 

brands. 

acid. 

1 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

251 

10 

2 

2 

7 

9 

3 

3 

7 

10 

4 

4 

!          17 

0 

2 

3 

17 

10 

3 

3 

1           21 

8 

2 

4 

5 

10 

2 

3 

i           16 

10 

2 

4 
1 

The  formula  10-2-2  far  outnumbers  all  others,  being  represented  by  251  samples,  or 
70  per  cent  of  the  whole  number. 

The  extreme  range  in  composition  in  the  341  brands  as  shown  above  is  2  per  cent 
phosphoric  acid,  2  per  cent  in  ammonia,  and  2  per  cent  in  potash.  In  the  remaining 
23  brands,  the  phosphoric  acid  goes  up  in  three  cases  to  12  per  cent  and  down  to  6  per 
cent  in  two  cases.  Potash  goes  as  low  as  1  per  cent  in  3  brands.  These  are  the  extreme 
Umits  in  composition  of  the  complete  fertilizers  sold  in  the  State.  Th^re  are  prac- 
tically no  special  brands  for  special  crops  except  cotton.  The  revenue  from  the  sale 
of  fertilizer  tags  for  the  fiscal  year  1907-8  is  given  as  $93,748.09. 

OBOBOIA.  ^ 

The  Geoigia  department  of  agriculture  discusses  quite  fully  the  composition  of 
fertilizers  and  their  relation  to  crops  and  actually  gives  a  number  of  special  formulas 
for  special  crops  without,  however,  claiming  to  base  these  upon  exact  knowledge. 

The  following  extract  from  the  state  fertilizer  inspection  law  is  interesting  in  Uus 
connection: 

Sec  4.  Be  it  further  enacted,  That  the  words  ''hiRh  nade"  shall  not  appear  upon 
any  bag  or  other  package  of  any  complete  fertilizer,  widen  complete  fertilizer  contams, 
by  its  guaranteed  analysis  less  than  10  per  cent  available  phosphoric  acid,  1.65  p^ 
cent  nitn^en  ^equivalent  to  2  per  cent  of  ammonia),  and  2  per  cent  of  potash,  or  a  grade 
or  analysis  oi  equal  total  commercial  value;  that  the  word  ''standard  shaU  not 
appear  upon  any  bag  or  other  package  of  any  complete  fertilizer  which  contains,  by 
its  guaranteed  analysis,  less  than  8  per  cent  availaole  phosphoric  acid,  1.65  per  cent 
nitrogen  (equivalent  to  2  per  cent  ammonia),  and  2  per  cent  potash,  or  a  giade  or 
analysis  of  equal  commercial  value;  that  the  words  high  grade"  shall  not  appear 
upon  any  bag  or  other  package  of  any  acid  phosphate  with  potash  which  shall  contain 
by  its  guaranteed  analysis  less  than  13  per  cent  available  phosphoric  acid,  and  1  per  cent 
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potash,  or  a  grade  or  analyais  of  equal  total  commercial  value;  that  the  word '  *  standard  " 
shall  not  appear  upon  any  bag  or  other  package  of  any  aeid  phosphate  with  potash, 
which  shall  contain,  by  its  guaranteed  analysis,  less  than  11  per  cent  available  phos- 
phoric acid  and  1  per  cent  potash,  or  a  grade  or  analysis  of  equal  total  commercial, 
value;  that  the  words  "high  ^;rade"  shall  not  appear oipon  any  bag  or  other  package  of 
any  plain  acid  phosphate  which  shall  contain,  oy  its  guaranteed  analysis,  less  than  14 
per  cent  availaole  phosphoric  acid;  and,  lastly,  that  the  word  ''standard"  shall  not 
appear  upon  any  bag  or  other  package  of  any  plain  acid  phosphate  which  shall  contain, 
by  its  guaranteed  analysis,  less  than  12  per  cent  available  phosphoric  acid.  It  is 
hereby  ]>rovided  that  no  complete  fertilizer,  acid  phosphate  with  potash,  acid  phoe- 
l5hate  with  nitrogen,  or  plain  acid  phosphate,  shall  be  offered  for  sale  in  this  State 
which  contains  less  than  12  per  cent  of  total  plant  food,  namely :  Available  phosphoric 
acid,  nitrogen  when  calculated  as  ammonia,  and  potash,  either  sinely  or  in  combi- 
nation; provided,  that  in  mixed  fertilizers  there  shall  not  be  claimed  less  than  1  per 
cent  potash  and  0.82  per  cent  nitrogen,  when  one  or  both  are  present  in  the  same 
mixture. 

The  following  rulings,  based  upon  the  inspection  law,  have  been  made  by  the  com- 
missioner: 

Fourth.  In  case  of  eoods  containing  10  per  cent  available  phosphoric  acid,  0.82 
per  cent  nitrogen,  ana  1  per  cent  potash,  or  such  mixture  9-1.6&-1,  or  8-0.82-3,  or 
other  combinations  which  do  not  reach  a  total  commercial  value  eoual  to  that  of  the 
standard  fertilizer,  which  is  8-1.65-2,  such  mixtures  are  not  to  be  designated  by  any 
grade  at  all.  Such  goods  mav  be  offered  for  sale,  and  branded  with  any  name  the 
market  desires  to  give,  provided  such  name  does  not  indicate  that  they  belong  to  a 
hiffh  or  standard  gntde. 

Sixth.  In  the  case  of  ^oods  containing  less  than  1.65  per  cent  nitroeen  they  may 
be  branded  as  "ammoniated"  goods,  guano"  or  ''fertilizer,"  or  other  words  im- 
plying that  the  same  is  an  ammoniated  superphosphate,  provided  they  contain  not 
less  than  0.82  per  cent  nitrogen. 

Seventh.  Goods  containing  10  per  cent  available  phosphoric  acid,  0.82  per  cent 
nitrogen,  and  3  per  cent  potash  can  not  be  branded  high  grade,  since  they  have 
not  as  high  a  commercial  value  as  the  legal  high  grade. 

Eighth.  No  manufacturer  has  the  right  to  print  the  word  "ammonia"  at  all  on 
his  sacks. 

Sixteenth.  It  is  hereby  ordered  in  consonance  with  the  spirit  of  section  8  of  the 
.law,  that  no  cyanogen  compounds,  dried  muck  or  peat,  wool  waste,  tartar  pomace, 
or  Mora  meal,  or  other  material  not  recognized  by  scientific  authorities  as  being 
available  sources  of  plant  food,  shall  be  used  in  any  fertilizer  sold  in  this  State.  Au 
manubkcturers  are  warned  against  purchasing  unfamiliar  fertilizer  materials  without 
first  inquiring  of  this  department  as  to  their  character. 

Under  the  title  "Misleading  brand  names  and  a  little  advice  on  purchasing,''  the 
following  occurs: 

It  should  be  borne  in  mind  always  that  state  valuations  are  relative  and  approxi- 
mate onlv,  and  are  onlv  intended  to  serve  as  a  guide.  It  is  much  to  be  desired  that 
farmers  should  study  the  analyses  giving  the  actual  percentages  of  plant  food  more, 
and  pay  no  attention  whatever  to  names  and  brands. 

They  should  realize,  for  instance,  that  in  nine  cases  out  of  ten  brands  known  as 
"pure  dissolved  bone"  contain  not  a  particle  of  bone,  but  are  made  simply  out  of 
phosphate  rock.  Thev  are  ever)r  "wnit  and  grain"  as  good  as  if  they  were  made 
from  Done,  the  available  phosphoric  acid  from  rock  being  just  as  available  and  identic- 
ally the  same  as  the  available  phosphoric  acid  from  bone.  The  proof  that  such  brands 
are  not  made  from  bone  is  that  they  contain  no  nitrogen,  and  if  they  were  made  hx)m 
bone  the  percentage  of  nitrogen  would  be  stated,  and  would  be  charged  for.  This 
is  not  [sic J  only  one  instance  of  the  folly  of  being  influenced  by  names  and  brands^ 
many  might  be  given. 

Remember  that  a  multiplicitv  of  brands  is  also  expensive  to  the  manufacturer,  and 
you  have  to  pay  the  cost  in  the  long  run.  Study  the  market,  select  a  time  for  purchas- 
ing when  general  trade  in  fertilizers  is  dull,  club  together  with  some  of  your  neighbors, 
*  *  *  and  then  order  from  a  reliable  manumcturer,  stipulating,  if  you  nave  a 
preference,  just  what  materials  the  goods  shall  be  made  from,  and  especially  the 
guaranteed  percentage  of  nitrogen,  phoephorie  acid,  and  potash.  Let  the  maker  c^ 
It  anything  ne  pleases.    *    *    * 
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The  following  proportions  of  plant-food  elements  for  special  crops  are  recommended 
by  the  Georgia  agricultural  department,  although  the  caution  is  given  that  "even 
intelligent  farmer  will  study  his  environment,  his  soil,  and  climatic  conditions,  and 
then  use  his  best  judgment:'' 

Proper  proportion  of  plxnUfoodinfertilizerifor  different  crops. 


Crop. 


Cotton. 

Com 

Wheat 

Celery * 

Potatoes 

Beet$  and  lettuce 

Cahbaee,  cauliflower,  cucumbers,  and  melons 

Spinach 

Radish  and  turnips 

Asparagus 

Enplant  and  tomatoes 

Onions 

Sweet  potatoes 

Beans  and  peas 


Phosphoric 
acid. 

Ammonia. 

Percent. 

Percent. 

10 

6 

8 

3 

6 

5 

5 

7 

7 

6 

5 

6 

5 

6 

8 

6 

7 

5 

7 

5 

6 

5 

5 

5 

7 

3 

7 

3 

Potash. 


Prretvt. 


Coming  now  to  a  consideration  of  the  composition  of  the  brands  actually  on  the 
market,  we  find  on  the  whole  an  astonishingly  small  variation  in  percentage  compx)- 
sition  of  mineral  plant-food  elements,  although  there  is  no  possible  way  of  determiniiig 
how  much  variation  there  is  in  the  material  that  went  into  the  several  brands. 

There  were  1,822  brands  inspected,  analyzed,  and  placed  on  the  market  for  sale. 
Of  these,  1,260  brands  contain  two  or  more  plant-fo6d  elements  (phosphoric  acid, 
nitrogen,  or  potash)  in  106  combinations.  There  are  26  combinations,  howe\*?r, 
embracing  1,143  brands,  or  90  per  cent  of  the  total,  in  which  each  combination  is  rep- 
resented by  6  or  more  brands.  Of  the  1,260  brands  containing  two  or  more  elements, 
1,259  contain  phosphoric  acid,  and  1,163  brands,  or  92  per  cent,  contain  from  8  to  10 
per  cent  of  phosphoric  acid,  as  follows: 


Brands. 

Phosphoric 
acid. 

Number. 
AA3 
180 
420 

Percent. 
45 
14 
33 

Percent. 

10 

9 

8 

There  are  77  brands,  or  6  per  cent,  containing  from  11  to  16  per  cent,  and  19  brands. 
or  2  per  cent,  containing  from  7  to  5  per  cent  of  phosphoric  acid. 

There  are  1,259  brands  containing  potash,  and  1,189  of  these  brands,  or  93  percent, 
containing  from  1  to  4  per  cent  of  potash,  as  follows: 


Brands. 

Potash. 

Number, 

Percent. 

Percent. 

291 

23 

4 

249 

20 

3 

605 

47 

2 

44 

8 

1 

In  addition  to  these,  there  are  54  brands,  or  4  per  cent,  containing  from  5  to  S  p«^ 
cent  of  potash. 
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There  are  987  brands  containing  nitrogen,  and  of  these  947  brands,  or  96  per  cent, 
contain  from  1  to  4  per  cent  of  ammonia,  as  follows: 


Brands. 

Ammonia. 

Number. 

Percent. 

Percent, 

34 

3 

4 

85 

9 

3 

606 

70 

2 

132 

14 

1 

In  addition  to  these  there  are  17  brands,  or  2  per  cent,  containing  from '5  to  8.9  per 
cent  of  ammonia. 

There  are  855  brands,  or  89  per  cent  of  all  the  complete  fertQizers,  in  which  the 
variation  in  composition  is  from  8  to  10  per  cent  phosphoric  acid  and  1  to  4  per  cent 
ammonia  and  1  to  4  per  cent  potash,  as  follows: 


Brands. 

Phosphoric 
acid. 

Ammonia. 

Potash. 

Number. 

Per  cent. 

Percent. 

Percent. 

Percent. 

255 

27 

10 

2 

2 

242 

26 

8 

2 

2 

90 

9 

9 

2 

3 

44 

5 

10 

3 

3 

34 

4 

10 

1 

3 

28 

3 

10 

2 

4 

23 

2 

8 

1 

3 

23 

2 

10 

1 

1 

23 

2 

9 

1 

2 

18 

2 

10 

4 

4 

18 

2 

8 

2 

4 

18 

2 

9 

2 

1 

14 

1 

9 

3 

2 

13 

1 

9 

2 

2 

12 

1 

8 

3 

3 

Or,  to  put  the  matter  in  another  way,  there  are  510  brands  that  differ  only  2  per 
cent  in  the  phosphoric  acid,  as  follows: 


Brands. 

Phosphoric 
acid. 

Ammonia. 

Potash. 

Number. 

266 

13 

242 

Percera. 

10 

9 

8 

PercefU. 
2 
2 
2 

Percent. 
2 
2 
2 

Then  there  is,  in  addition,  254  brands  in  which  the  extreme  variation  from  the 
above  is  1  per  cent  ammonia  and  2  per  cent  potash,  as  follows: 


Brands. 

Phosphoric 
acid. 

Ammonia. 

Potash. 

Number. 

Percent. 

Per  cent. 

Per  cent. 

28 

10 

2 

4 

8 

10 

2 

3 

34 

10 

1 

3 

1 

10 

1 

4 

6 

10 

1 

2 

1 

9 

2 

4 

90 

9 

2 

3 

2 

9 

1 

4 

G 

9 

1 

3 

23 

9 

1 

2 

18 

8 

2 

4 

8 

8 

2 

3 

6 

8 

1 

4 

28 

8 

1 

3 
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It  is  apparent,  therefore,  that  764  brands,  or  80  per  cent,  of  the  complete  fertilisers 
sold  in  the  State  of  Creorgia,  have  an  extreme  variation  in  composition  so  far  as  the 
official  records  show,  and  the  manufacturers'  guaranty  claim  of  2  per  cent  in  i^ioe- 
phorio  acid,  1  per  cent  in  ammonia,  and  2  per  cent  in  potash.  Furthermcxey  they  are 
far  below  in  ammonia  and  potash  content  the  formulas  proposed  by  the  state  inspec- 
tion as  given  on  a  previous  page  of  this  report. 

The  following  is  a  list  of  the  238  brands,  omitting  all  duplicate  names,  having  a 
guaranteed  composition  of  10  per  cent  phosphoric  acid,  2  per  cent  ammonia  (1.85 
nitrogen),  and  2  per  cent  potash: 

.  List  of  hrandi  having  the  guamrUeed  composition  10-t-t.  a 


Athens  High  Grade  Ouano. 

A  A  A  A  High  Grade  Guano. 

Acid  and  Meal  Mlztura. 

Acme  High  Grade. 

Adair's  Soluble  Pacific. 

Alligator  Ammoniated  Bone. 

American  High  Grade  FerUllier. 

10-2-2  Ammoniated  Bone. 

Ammoniated  Dissolved  Bone. 

Ammoniated  Dissolved  Bone  and  Potash. 

Anderson's  High  Grade. 

A.  N.  Hay's  Fish  Scrap  High  Grade. 

A.  6l  T.  Ammoniated  Dissolved  Bone. 
Atlantic  High  Grade  Ammoniated  Ouano. 

B.  A  B's  High  Grade. 
Baker's  High  Grade. 
Baker  High  Grade. 

Ball  Ground  High  Grade. 

Baugh's  High  Grade  Cotton  and  Truck  Guano. 

Bear  High  Grade  Beef,  Blood  and  Bone. 

"Big  Crop." 

Birmingham  Blood,  Bone  and  Potash. 

Birmingham  High  Grade  Fertiliser. 

Black  Hawk  High  Grade. 

Black  Jack  High  Grade  Guano. 

Blood  and  Bone. 

Blood  and  Bone  High  Grade, 

Blood  and  Bone  High  Grade  Fertiliser. 

Blood  and  Bone  High  Grade  Guano. 

Blood,  Bone  and  Potash. 

Blood  and  Tankage  Mixture. 

Bowker's  High  Grade  Fertiliser. 

Boyd's  Acme  Soluble. 

Boyd's  Animal  Bone  Guano. 

Brer  Fox  Fertiliser. 

Brer  Rabbit  Fertiliser. 

Buffalo  High  Grade. 

Burke  County  Fertiliser. 

Campton  High  Grade. 

Capitola  High  Grade  Guano. 

Carlton's  Best. 

Carter's  Boll  Maker. 

C.  F.  Sasser's  Choice. 
Chattahoochle. 
Cherokee  Fish  High  Grade. 
Cherokee  High  Grade. 
Cherokee  High  Grade. 
Chlckamauga  Fish  Scrap  Guano. 
Chlckamauga  High  Grade  Fertiliser. 
Chlckamauga  Peanut  Food. 
Climax. 

C.  O.  and  F.  Cos.  High  Grade. 


10-2-2  Cotton  Seed  Meal  Mixture. 
Columbia  High  Grade  Cotton  Oro' 
Coweta  Fish  Guano. 
Coweta  High  Grade  Fertiliser. 
Compound  Guano. 
Cooper's  High  Grade. 
Cooper's  High  Grade  Guano. 
Cotton  Grower. 
Cotton  Meal  Special. 
Cotton  Suooass. 
Cotton  Tall. 

C.  P.  Lively  Son's  High  Grade. 
10-2-2  C.  S.  M.  Mixture. 
Davis  High  Grade  Guano. 
Daybreak  Fertiliser. 

Delaware  River  High  Grade  Fish  Ouanow 
Eagle  High  Grade  Guano. 
E.  B.  Clark's  Cotton  Grower. 
Empire  High  Grade  Ammoniated  DisBolv«d 
Empire  State  Blood  and  Bone. 
Etowah  High  Grade. 
Eureka  Ammoniated  Bone. 
Eutaw  High  Grade  Golden  Fertiliser. 
Farm  Bell  High  Grade. 
Farmers  Choice. 
Farmers  Friend. 
Farmers  High  Grade. 
Fanners  Soluble  High  Grade. 
Fanners  Special  Number  4. 
Farmers  Success. 
Fayette  Company  High  Grade. 
Felton's  Favorite. 
Fish  Compound. 

Flannery's  Staple  Upland  Cotton  Grower. 
Fowler  Brother's  High  Grade  Ouano. 
Fox  Favorite. 
Ft.  Valley  No  Filler. 
Furman's  Fish  Guano. 
Furman's  High  Grade  Fertiliser. 
Georgia  High  Grade. 
Georgia  Keystone. 
Georgia  Test  Bif^  Grade. 
GIbb's  Spedal  Cotton  Guano, 
out  Ed^  High  Grade  Ouano. 
Gossett's  Blood,  Bone,  and  Meal. 
Governor  Guano. 

Green  County  OH  Company's  Hl^  Grade. 
Green  and  Shadbum  High  Grade. 
I  44  High  Grade  Ouano. 
Hammock's  High  Grade  Formula. 
Hampton  High  Grade  Ouano. 
Heard  County  High  Grade. 
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Henry  Ck>unt7  High  Qrade  Uuaiio. 

"High  Grade." 

High  Grade  Fertiliser. 

High  Grade  Guano. 

HiU  Billy, 

High  Grade  Ashepoo  Fertiliier. 

High  Grade  Bradley  Soluble  Guano. 

High  Grade  Meal  Mixture. 

High  Grade  Victor  Guano. 

H.  and  H.'s  High  Grade  C.  8.  M.  Guano. 

Hodge  Home  Mixture  No.  3. 

Halbrook  Cotton  Special. 

Home  Mixture  No.  3. 

Hoschton  Pride  and  Big  Indian  Cotton  Grower. 

H.  P.  and  B.'s  Cotton  Hustler. 

number's  Compound. 

Independent  High  Grade. 

Jackson  County  Favorite  Cotton  Producer. 

Jacksonville  High  Grade  Fertilizer. 

Jasper  Hi{^  Grade. 

Jefferson  High  Grade  Complete  Fertiliser. 

Jefferson  Meal,  Acid  and  Potash  Mixture. 

Jenkin's  Special  Blood  Guano. 

Jewell's  High  Grade  Guano. 

J.  J.  and  B.  L.  Bond  and  Company's  High  Grade. 

Jones  Mere  Co.  High  Grade. 

Kirk's  High  Grade  Fish  Guano. 

Knight's  Special. 

Langford's  Best. 

Legal  Tender  High  Grade. 

Lewis'  High  Grade. 

Lion  High  Grade  Guano. 

Lion  Power  Guano. 

Lowry's  High  Grade  Guano. 

McCarty  High  Grade  Com  Grower. 

McCarty  High  Grade  Cotton  Grower. 

McClure's  High  Grade  Special. 

McDonald  and  Weaver  Add  and  Meal. 

McDuffle's  High  Grade  Guano. 

Mansfield  Blood  and  Meal  Formula. 

Marriman's  Cotton  Boll. 

Mastodon  Ammoniated  Soluble  Phosphate. 

Maxwell's  Favorite. 

Miasiasippi  Sawyer. 

Monarch  Guano. 

Moore's  Special  Pride. 

Mortgage  Killer. 

Mortgage  Lifter. 

Navaasa  High  Grade  Fertiliser. 

Nedy's  Burke  County  Fertiliser. 

Newton  County  High  Grade  Guano. 

North  Georgia  Pride. 

N.  and  N.'s  High  Grade  Ammoniated  Guano. 

Ober's  Special  Ammoniated  Dissolved  Bone. 

Oil  MIU  High  Grade  Fertilizer. 

Old  Domian  High  Grade  Guiano. 

Old  Thne  Fish  Scrap  Guano. 

Oliver's  Acid,  Meal  and  Potash. 

Oostanaula  High  Grade  Blood  and  Bone. 

Orange  High  Grade. 

Our  Union  Ideal. 

Owen's  High  Grade. 

Ox  Grade  Ammoniated  Bone. 

Ox  High  Grade  Fish. 

Patapsca  Guano. 

Paulding  County  High  Grade. 

Paullins'  Blood  and  Bone. 

Pellcaa  Guano. 


Planter's  High  Grade. 

Planter's  High  Grade  Fertiliser. 

Planter's  Pride. 

Planter's  XXXX  High  Grade  Blood,  Bone  and 

O.  D.  M. 
Plow  Share  Brand  Guano. 
P.  N.  P's  Complete  High  Grade  Guano. 
Pride  of  Fayette. 
Pride  of  Morgan. 
Read's  Full  BoU. 

Read's  High  Grade  Ammoniated  Dissolved  Bone. 
Read's  Special  Compound  C.  S.  MeaL 
Red  Cross  High  Grade  Guano. 
Red  Elk  High  Grade  No.  2. 
Redwine's  Special. 
Rex  High  Grade. 
Romulus  High  Grade  Guano. 
Royal  High  Grade  Guano. 
Royal  Seal  Guano. 

Royster's  High  Grade  Soluble  Guano. 
Royston  High  Grade. 
Salmon's  High  Grade. 

Sam  Bowers'  Acid,  Meal  and  Potash  Mixture. 
Sam  Bowers'  High  Grade. 
Savannah  OU  Mill  High  Grade  Fertiliser. 
Soott's  Goesypium  Phosphate. 
Seabtrd  High  Grade  Guano. 
Senora  High  Grade. 
Shirley's  High  Grade. 
Smith's  High  Grade  Blood  and  Bone. 
Southern  High  Grade  Fertiliser. 
Special  Mixture. 

S.  P.  Thompson's  High  Grade  Guano. 
S.  S.  Grant  High  Grade  Cotton  Pusher. 
S.  S.  Old  Peruvian. 
Stafford's  Blood  and  Meal. 
Stafford's  High  Grade  Guano. 
Strickland's  High  Grade. 
Superior  Meal  Mixture. 
Swift's  Eagle  High  Grade  Guano. 
The  Troup  Company's  Blood  and  Bone. 
The  Troup  Company's  Ocean  Fish  Scrap. 
Three  States  High  Grade  Soluble  Guano. 
Tonowando  Guano. 
Tuscarora  Big  Crop  Fertiliser. 
Uncle  Joe  High  Grade. 
Unde  Remps'  High  Grade  Guano. 
Uncle  Sam  High  Grade  Ammoniated  Guano. 
Uruguay  Ammoniated  Bone. 
Union  Ideal  Guano. 
Upson  County  High  Grade. 
U.  S.  Meal  Mixture. 
V.  C.  Chesapeake  Fish  Guano. 
V.  C.  High  Grade  Fish  Guano. 
V.  C.  Special  High  Grade  Meal  Fertiliser. 
Vldalla  Gold  Medal  Fertiliser. 
Walton  High  Grade. 
Warrior  High  Grade  Complete  Fertiliser. 
W.  A.  Shore's  High  Grade. 
W.  D.  Hawkins'  High  Grade  Guano. 
W.  and  H's  Golden  Union. 
Wilson's  Cotton  Grower. 
Winder  High  Grade  Guano. 
W.  O.  C.  a  pure  Blood  Guano. 
Woods  High  Grade. 
W.  and  T.  High  Grade  Cotton  SpedaL 
Yellow  Jacket  Guano. 
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While  the  Geoi^gja  state  department  of  agriculture  recommends  that  from  200  to 
500  pounds  of  fertilizer  should  he  used  per  acre,  it  may  he  safely  said  that  the  amount 
applied  hy  the  great  majority  of  farmers  is  ahout  200  pounds  per  acre.  Out  of  the 
764  brands,  such  an  application  would  add  from  16  to  20  pounds  phosphoric  acid,  2 
to  4  pounds  ammonia,  and  4  to  8  pounds  potash  to  an  acre. 

If  we  assume  that  this  fertilizer  goes  into  immediate  and  complete  solution  and  is 
distributed  in  the  soil  moisture  to  a  depth  of  6  inches  from  the  surface,  and  if  we 
assume  further  that  the  weight  of  an  acre  of  soil  6  inches  deep  is  2,000,000  pounds, 
and  contains  on  the  average  15  per  cent  of  water,  the  maximum  effect  on  the  concen- 
tration of  the  soil  moisture,  disregarding  the  effect  of  the  fertilizer  on  the  solubility 
of  the  soil  minerals  and  the  absorbing  power  of  the  soil,  will  be  approximately  as  fol- 
lows: Phosphoric  acid  53  to  67  parts  per  million,  ammonia  7  to  13  parts  per  million, 
and  potash  13  to  27  parts  per  million. 

So  far  as  the  ammonia  and  potash  are  concerned,  these  concentrations  are  com- 
parable with  the  normal  concentrations  of  the  soil  moisture;  for  phosphoric  acid  the 
figures  are  considerably  higher.  But  recent  investigations  of  the  physico-chemical 
relations  between  the  solid  soil  and  the  soil  water  negative  the  assumption  that  the 
concentration  of  the  soil  solution  would  be  increased  by  just  the  amounts  added. 

It  may  be  assumed  that  in  a  majority  of  cases  when  iised  an  application  of  200  pounds 
of  commercial  fertilizer  increases  the  productivity  of  the  soil.  An  application  of  400 
pounds  or  600  pounds  is  undoubtedly  more  efficient,  and  successful  applications  up 
to  3,000  pounds  per  acre  are  employed  on  tobacco,  truck,  and  other  special  industries. 

What  immediately  concerns  us  here,  however,  is  as  to  the  differences  in  composition 
in  the  brands  of  fertilizers  sold  and  the  relative  efficiency  of  these  brands  when  applied 
to  any  particular  field  or  crop.  We  have  seen  that  of  the  987  brands  of  complete  fer- 
tilizers sold  in  Georgia  markets,  238  brands,  or  24  per  cent,  have  the  compositioii 
10-2-2.  Several  of  the  dealers  and  manufacturers  put  out  6  or  8  or  more  brands  of  this 
same  composition.  Do  they  differ  and  have  different  effects  on  the  soil,  and  are  they 
more  efficient  in  connection  with  different  crops?  Under  the  state  law,  and  trade 
conditions,  they  virtually  have  to  be  sold  for  the  same  price  per  ton.  Officially,  and 
so  far  a£>  the  public  have  certain  knowledge,  these  238  brands  are  all  one  and  the  same 
thing,  and  yet  in  all  probability  most  of  them  differ  in  some  essential  character  in 
composition  and  effectiveness  by  reason  of  the  material  contained  or  mode  and  con- 
dition of  mixture.  We  know  that  the  different  carriers  of  phosphorus,  nitrogen,  and 
potassium  have  very  different  effects  on  soils  and  crops,  and  the  time  has  come  when 
it  would  be  an  advantage  to  the  farmer  and  equally  to  the  manufacturer  to  determine 
more  nearly  the  relative  effect  of  miCterials  on  soils  and  crops  rather  than  to  pursue 
longer  the  study  of  the  elements;  for,  after  all,  it  is  the  material  which  counts  rather 
than  the  elements  which  go  to  make  up  the  material.  That  is  to  say,  it  is  not  the  pot- 
ash, but  the  potash  salt.  There  are  nitrogenous  bodies  and  potash  salts  both  extremely 
toxic  to  plants,  but  of  the  common  materials  which  can  be  safely  used  for  crops  some 
are  more  efficient  on  some  soils  and  some  on  others,  and  more  should  be  known  about 
such  matters. 

Contrast  now  with  the  238  brands  of  the  composition  10-2-2,  the  242  brands  of  the 
composition  8-2-2,  making  together  more  than  half  the  brands  of  complete  fertilizerB 
sold  in  the  State.  Is  there  a  real  difference  in  effect  of  these  two  classes  due  to  the 
difference  of  2  per  cent  of  phosphoric  acid?  Or  put  the  case  more  strongly  still. 
Take  the  extreme  limits  in  composition  on  the  great  majority  (80  per  cent)  of  fertilizers 
sold  in  the  State  as  given  above.  This  would  probably  be  10-1-2  and  8-2-4,  or  we 
might  take  10-2-4  and  8-1-2.  The  difference  in  the  actual  amoimt  of  nitrogen  and 
potash  is  100  per  cent,  and  to  midce  the  same  application  double  the  amount  of  fer- 
tilizer would  have  to  be  applied  in  the  one  case  as  in  the  other.  The  difference  is 
much  less  in  the  case  of  phosphoric  acid,  but  apart  from  the  question  of  the  actual 
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amount,  does  the  difference  in  proportion  shown  by  these  small  quantities  have  an 
appreciable  effect  on  the  soils  and  crops?  In  the  above  formulas,  for  example  as 
extreme  cases,  we  might  apply  2  pounds  per  acre  of  ammonia  with  either  4  or  8  pounds 
of  potash,  or  we  might  apply  4  pounds  of  ammonia  with  either  4  or  8  pounds  of 
potash.  Would  these  proportional  and  actual  differences  show  in  their  relative 
effect  on  the  soil  and  plant?  We  have  reason  to  believe  from  laboratory  and  green- 
house experiments  in  growing  plants  in  solutions  of  pure  cultures  and  in  soil  extracts 
that  they  would,  but  we  do  not  know  enough  about  it,  and  it  is  in  this  direction  that 
further  investigations  should  be  made  to  bring  some  order  out  of  the  problem  of  the 
practical  application  of  fertilizers. 
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PREFACE. 


The  dependence  of  so  many  of  the  physical  properties  of  the  soil  upon 
the  moisture  content  makes  the  study  of  the  water-holding  power  of 
soils  and  distribution  of  water  in  soils  of  great  theoretical  and  prac- 
tical importance.  With  each  and  every  soil  there  is  a  moisture  con- 
tent of  exceptional  interest,  that  is,  where  the  water  present  is  the 
maximum  amount  that  can  be  held  in  the  form  of  films  over  the 
surface  of  the  soil  grains  and  perhaps  in  the  finest  capillary  spaces 
but  is  not  sufficient  to  give  any  free  water  in  the  interstitial  spaces. 
Practically,  this  amount  of  water  can  not  be  determined  with  any 
high  degree  of  exactness,  but  all  good  greenhouse  men,  gardeners, 
etc.,  can  approximate  it  for  any  given  soil  within  a  more  or  less  narrow 
range  of  concentration.  To  them,  this  moisture  content  is  known  as 
the  "optimum."  Its  significance  has  recently  been  discussed  in  bul- 
letin No.  50  of  this  Bureau,  and  it  has  been  shown  that  most  if  not 
all  of  the  important  physical  properties  of  a  soil  show  a  critical  change 
in  passing  through  this  optimum  water  content,  from  a  lower  to  a 
higher  content,  or  vice  versa.  This  important  moisture  content, 
which  is  a  characteristic  constant  for  any  particular  soil,  is  in  fact 
that  at  which  the  soil  can  be  put  in  the  best  physical  condition  for 
plant  growth;  at  which  the  most  desirable  "crumb  structure"  can  be 
obtained;  a  maximum  aeration  and  easiest  penetration  provided. 

The  primary  object  of  the  investigation  described  in  the  following 
pages  was  to  determine  the  relation  between  the  heat  conductivity 
and  moisture  content  of  a  soil  with  special  reference  to  the  imj)ortance 
of  the  "optimum  water  content."  .The  analysis  of  the  problem 
showed  many  experimental  difficulties,  which  accounts  for  the  meager 
progress  hitherto  made  in  the  field.  It  has  been  shown  that  a  soil 
does  conduct  heat  better  and  more  quickly  with  a  moisture  content 
near  that  recognized  as  the  optimum,  and  the  conditions  which  must 
be  observed  in  future  investigations  on  the  relation  of  soil  tempera- 
ture to  plant  growth  have  been  more  clearly  defined.  The  practical 
value  of  the  work  lies  in  pointing  out  the  nature  of  the  soil  control 
which  should  be  exercised  in  the  planting  of  general  farm  crops  to 
secure  a  warm  seed  bed  and  good  germination,  in  the  handling  of  cran- 
berry marshes,  and  other  special  agricultural  lines.  By  no  means 
least  is  the  value  of  this  research  in  its  relation  to  the  theoretical 
viewpoint  toward  soil  water  which  was  developed  in  Bulletin  No.  50, 
a  viewpoint  which  has  a  rational  experimental  basis  and  is  free  from 

any  arbitrary  assumptions. 

Frank  K.  Cameron, 

In  charge,  Physical  and  Chemical  Investigations. 
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INTRODTrCTION. 

Although  measurement  of  soil  temperature  has  been  carried  on  in 
many  countries  for  many  decades,  and  possibly  for  many  centuries, 
there  seems  to  be  no  investigation  on  record  giving  the  rate  of  flow 
of  heat  through  soil  under  controlled  laboratory  conditions  where  the 
moisture  content,  packing  (apparent  specific  volume),  and  effective 
specific  heat  are  known.  In  some  cases  accurate  daily  readings  of 
the  soil  temperature  have  been  taken  to  a  depth  of  3  fept  or.  more 
through  a  series  of  years,  but  no  attempt  made  to  measure,  even 
roughly,  the  moisture  content,  the  apparent  specific  volume,  or  the 
specific  heat.  Other  observers  have  recognizsed  the  need  of  all  these 
additional  factors  and  have  at  times  secured  data  on  them  under  field 
conditions,  but  even  then  we  can  not  calculate  the  heat  conductivity 
of  the  soil  with  any  degree  of  satisfaction  from  their  readings,  since 
the  moisture  content  varies  with  the  depth  and  we  must  take  temper- 
ature readings  at  several  depths  to  determine  the  temperature  wave. 

The  investigators  in  this  line  of  work  have  been  interested  mainly 
in  ascertaining  the  temperature  of  the  soil  at  given  depths  during  the 
growing  season.  Some  have  tried  the  effect  of  various  top  dressings — 
manure  admixtures,  .mulches,  rolling,  etc. — ^upon  the  soil  temperature, 
and  many  of  these  results  are  valuable  and  reliable  since  they  were 
gotten  under  comparable  though  undetermined  conditions.  Others, 
too,  have  recognized  the  part  which  the  total  quantity  of  available 
heat  plays  in  the  development  of  plants,  and  attempts  to  measure 
this  heat  have  been  made  by  integrating  the  air  temperatures  close 
to  the  ground  and  integrating  the  sunshine.  Such  calculations  are 
also  supplemented  by  an  integration  of  the  heat  gained  by  the  soil 
from  day  to  day  as  the  season  progresses. 

From  another  standpoint  geologists  and  astronomers  have  made 
daily  measurements  of  temperatures  at  regular  depths  in  solid  rock 
for  periods  even  approaching  half  a  century  on  one  single  series,  and 
have  accurately  calculated  the  heat  conductivity  of  the  rock.  But 
such  values  for  the  heat  conductivity  of  a  homogeneous  or  compact 
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rock  conglomerate  do  not  help  much  in  estimating  the  conductivity 
of  a  soil. 

Much  time  has  been  devoted  to  the  laboratory  study  of  the  heat 
relations  of  soils,  such  as  heat  capacity  and  the  effect  of  soil  moistune 
upon  it;  demonstration  of  the  additive  property  for  the  heat  capacity 
of  a  powder  consisting  of  different  minerab  each  with  its  own  specific 
heat;  the  effect  of  top  dressings  and  admixtures,  etc.  ElspeciaUy 
interesting  is  the  laboratory  work  of  Petit  ^  upon  the  penetration  of 
frost  into  soils.  He  found  that  the  phenomenon  of  supercooling,  such 
as  is. observed  in  the  freezing  of  water  in  the  form  of  drops  or  in  capil- 
lary tubes,  also  occurs  in  the  freezing  of  soil  water,  and  may  be  as 
great  as  3^  C.  below  the  freezing  point  of  water.  The  temperature  to 
which  soil  water  can  be  supercooled  appears  to  be  lower  the  lower  the 
moisture  content  of  the  soil  and  the  greater  the  energy  with  which 
the  water  is  held  by  the  soil.  The  passage  of  frost  into  the  ground  is 
fastest  for  quartz  sand,  slower  for  clay,  and  slowest  for  humus  (peat). 
For  continued  frost  the  soil  temperature  sinks  after  freezing,  the 
faster  and  the  deeper  the  lower  the  moisture  content  of  the  soil,  and 
conversely  for  the  thawing  of  a  soil.  Living  or  dead  vegetation  or 
snow  protects  from  frost  and  retards' thawing. 

The  heat  conductivities  of  dry  powders  and  soils  have  been  deter- 
mined by  numerous  experimenters  (see  Tables  XV,  XVI,  and  XVII, 
but  the  effect  of  moisture  upon  the  heat  conductivity  has  been 
treated  only  qualitatively.  Consequently  an  attempt  is  made  in  this 
paper  to  establish  a  quantitative  relation  between  the  heat  conduc- 
tivity of  a  powder  and  its  moisture  content.  Since  the  apparent 
specific  volume  and  effective  specific  heat  of  a  powder  are  factors  in 
determining  itd  heat  conductivity,  these,  too,  were  controlled.  The 
diffusivity  of  the  powder,  of  coinse,  was  foimd  in  order  to  calculate 
the  heat  conductivity. 

The  importance  of  such  an  investigation  is  apparent  upon  reading 
the  reports  of  experiment  stations  generally,  both  in  this  country  and 
abroad,  since  lai^e  sums  of  money  and  patient  observation  and  experi- 
mentation are  involved  in  the  attempt  to  ascertain  the  relation  of 
temperature  in  air  and  in  soil  to  crop  growth.  So  long  as  the  factors 
which  control  heat  conduction  remain  in  doubt  as  to  magnitude  and 
direction  of  influence  much  of  this  field  work  upon  soil  temperatures 
will  be  in  vain. 

Usually  the  heat  conductivity  of  the  earth's  crust  has  been  deter- 
mined by  taking  the  temperature  of  the  earth  at  different  depths  as 
affected  by  the  alternate  heating  and  cooling  at  the  surface,  due  to  the 
change  from  night  to  day,  and  in  a  greater  degree  as  affected  by  the 
progression  of  the  seasons. 


oForech.  Geb.  Agr.  Phys.,  16,  286  (1893). 
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Such,  measurements  give  the  temperature  wave  at  each  depth  very 
well  for  the  particular  locality  studied,  and  when  the  specific  heat  of 
the  dry  soil,  the  per  cent  of  water,  and  the  specific  volume  (or  pack- 
ing) are  known,  one  may  calculate  the  heat  conductivity  of  the  soil. 
This  calculation,  however,  involves  the  treatment  of  a  periodic  func- 
tion which  only  approximates  a  sine  curvej  since  it  is  modified  by  a 
damping  term  as  well  as  by  other  disturbing  factors.  Consequently, 
the  heat  conductivity  calculated  in  this  manner  is  at  best  an  approxi- 
mation. Further,  as  the  heat  wave  penetrates  into  the  earth,  dis- 
tillation of  moisture  takes  place  accompanied  by  a  change  in  pack- 
ing, so  any  method  of  measuring  heat  conductivity  which  requires 
the  soil  to  be  subject  to  a  difference  of  temperature  for  a  short  period 
can  not  be  expected  to  give  even  approximately  accurate  results. 

The  selection  of  a  method  for  measuring  the  passage  of  heat 
through  a  moist  soil  under  laboratory  conditions  is  a  case  of  having 
to  choose  the  least  of  several  evils.  There  is  no  good  method.  A  few 
of  the  experimental  difficulties  are  discussed  below.  Briefly,  the 
situation  is  this:  If  the  heat  be  measured  by  extracting  it  from  the 
soil,  distillation  ensues  and  the  soil-crumb  structure  is  altered;  if  heat 
be  added,  the  same  process  is  gone  through  in  the  reverse  sense;  if 
alternate  heat  and  cold  be  applied,  the  soil  changes  its  packing  and 
may  change  its  moisture  content.  In  the  face  of  these  conditions  it 
was  decided  to  supply  heat,  from  an  infinite  source  at  a  constant  tem- 
perature, to  the  end  of  a  soil  column  and  take  the  rate  of  rise  of  ther- 
mometers at  regular  distances  down  the  column,  and  base  a  calculation 
of  the  heat  conductivity  upon  the  behavior  of  that  portion  of  the  soil 
which  was  suflBciently  removed  from  the  source  of  heat  to  be  very 
little  changed  by  distillation  of  its  moisture  and  yet  close  enough  to 
show  the  influence  of  the  Heat.  There  are  grave  defects  in  this 
method,  as  shown  in  the  discussion  of  sources  of  error  below,  but  it 
has  served  to  give  a  fairly  quantitative  idea  of  the  effect  of  soil  mois- 
ture upon  the  heat  conductivity  of  soils. 

METHOD. 

In  general,  when  a  column  of  material  is  heated  at  one  end  the  tem- 
perature rises  gradually  all  along  the  column.  If  the  heated  end  be 
maintained  at  a  constant  temperature,  each  cross  section  of  the  column 
will  finally  attain  a  steady  temperature  and  transmit  all  of  the  heat 
it  receives.  Thus  let  one  end  of  the  bar  in  figure  1  be  kept  at  100°  C. 
and  the  other  at  0°  C.  Then  after  a  long  time  the  temperature  at  any 
given  point  along  the  bar  will  be  proportional  to  its  distance  from  the 
end.  If,  for  instance,  the  bar  be  exactly  100  cm.  long,  its  tempera- 
ture will  drop  at  the  rate  of  1  degree  for  every  centimeter  passing  from 
the  heated  end. 
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To  calculate  the  quantity  of  heat  which  flows  through  any  part  i)f 
the  bar,  consider  any  small  section  of  area,  A,  and  thickness,  Jx,  at  x 
cm.  from  the  heated  end,  figure  1. 

Let  6  be  the  temperature  at  the  surface  of  the  cross  section  A,  at  a 
distance  z  from  the  source  of  heat.  Then  the  flow  of  heat  per  unit  of 
time  through  this  surface  A  will  be 

/do 


-KA 


\dx 


> 


(1) 


Where  K  is  the  Tieat  conductivity  of  the  material  which  composes  the 
bar,  and  is  by  definition  numerically  equal  to  the  quantity  of  heat  which 
Jlov>8  per  unit  of  time  through  unit  area  of  a  plaie  of  unit  thickness  having 

unit  difference  of  temperature  between  its  faces y  and  where  (  ^  )  is  the 

temperature  gradient;  that  is,  the  change  of  temperature  per  unit  thick- 

ness.     The    negative 
/  /     sign  indicates  that  the 
/  /       temperature  falls  as  x 
increases. 

The  temperature  at 
the  farther  surface  of 
the  cross  section  A^  at 
distance  x  -^  Jx  from 
the  heat  source  will  be 
lower  than  6  and  is  gi  ven 
by  the  expression  0  - 


X^lh9httt9  Am»  A««/ 


C«L 


Fio.  1.— Temperature  gradient  In  a  solid  whose  ends  are  Ireptat 
different  temperatures,  together  with  the  elementary  section  of 
referenoe  used  In  calculating  heat  conductivity  in  steady  state. 


(^^ix,  since  -(^^) 


is  the  rate  at  which  the  temperature  falls  as  the  distance  x  from  the 
heat  source  increases,  and  the  rate  of  fall  multiplied  by  the  distance 
Ax  gives  the  total  drop  in  temperature  in  passing  from  x  to  x  -f  Jj; 

and  subtracting  this  drop,  +(  ^  )Ax  from  the  temperature  0  at  the 

point  X,  gives  the  temperature  at  x  +  Jx,  when  Ax  is  taken  so  small 
that  the  temperature  fall  is  practically  constant  between  x  and  x-\-  Az. 
Consequently  the  flow  of  heat  through  the  cross  section  A  at  the  point 
z-\-  Ax  will  be 

-^U(-C»] «> 

Evidentlv  the   excess  of  what  flows  in  at  one  face  of  the  element 
over  what  flows  out  at  the  other  will  be 

(I,-^(g),le„  (2,-A:.[|(.-(g)..)]- 


(3) 
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From  the  fact  that  j-j  is  zero  when  the  temperature  gradient  is 

constant  along  the  bar^  it  follows  that  in  the  steady  state  this  excess 
of  heat  likewise  is  zero,  provided  the  surface  of  the  bar  is  insulated, 
thus  preventing  radiation  of  heat  from  the  edges,  whose  depth  is 
Ax  of  the  cross  section  A.  That  is  to  sav,  as  much  heat  flows  out 
of  the  surface  of  cross  section  -A  at  x  -f  Jx  as  enters  the  surface  at  x. 
For  the  case  where  the  surface  is  not  insulated," 


KA(^^Ax=Epdx6, 


where  E  is  the  surface  emissivity  of  the  bar  and  p  is  the  perimeter  of 
the  element,  pdx  being  the  surface  of  the  element  of  cross  section 
A  J  and  width  Ax  which  is  radiating  heat. 

Forbes's**  method  of  determining  heat  conductivity  avoids  the  solu- 
tion of  Fourier's  equation  and  the  hypotheses  (a)  of  constant  heat 
conductivity,  and  (6)  of  Newton's  law  of  cooling,  upon  which  Fourier's 
equation  is  founded.  Forbes  determines  the  heat  conductivity  di- 
rectly in  terms  of  the  quantities  which  enter  into  its  definition. 

Forbes's  method  involves  two  separate  experimental  procedures: 

(a)  The  statical  experiment,  which  consists  in  maintaining  one 
end  of  a  long  bar  at  a  constant  temperature  until  the  temperature  at 
each  point  along  the  bar  has  ceased  to  change.  Thus  the  temperature 
gradient  along  the  bar  is  determined. 

(b)  The  dynamical  experiment.  An  iron  bar  similar  in  all  respects 
to  that  employed  in  the  statical  experiment,  but  much  smaller  (20 
inches  long  by  IJ  inches  square  section),  is  heated  to  a  known  tem- 
perature and  its  rate  of  cooling  observed,  the  object  being  to  deter- 
mine the  rate  at  which  anv  element  of  surface  of  the  statical  bar 

ft* 

loses  heat. 

From  the  results  of  these  two  experiments,  together  with  the 
specific  volume  (the  reciprocal  of  the  density)  and  the  specific  heat  of 
the  iron,  the  flow  of  heat  across  any  portion  of  the  statical  bar  may 
be  evaluated,  thus  giving  the  heat  conductivity. 

Forbes's  method  postulates  that  the  material  imder  examination 
suffer  no  marked  change  in  structure  during  the  experiment.  Conse- 
quently this  method  is  applicable  to  the  determination  of  the  heat 
conductivity  of  soils  and  powders  only  by  radical  modification,  since 
it  is  impossible  to  obtain  a  powder  twice  in  the  same  condition  as 
to  packing,  moisture  content,  flocculation,  etc. 

This  modification  of  Forbes's  method  consists  in  measuring  simul- 
taneously the  rate  of  temperature  rise  in  a  soil  at  regular  distances 

aCf.  Preston,  Theory  of  Heat,  ed.  1904,  pp.  632-633. 

bPhil.  Trans.  Roy.  Soc.  Edinburgh,  28, 133,  April,  1862.  Seealso  Preston,  Theory 
of  Heat,  1904,  p.  640,  from  which  this  reference  is  cited. 
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from  the  constant  temperature  heat  source,  and  the  difference  oi  tem- 
perature gradient  which  causes  this  rise. 

Consider  an  insulated  box  of  dry  soil  one  end  of  which  is  main- 
tained  at  a  constant  temperature  of  100°  C,  uniform  over  the  cross 
sjction,  figure  2,  and  the  other  end  maintained  at  a  lower  temperature, 
say  0°  G.  Then,  after  a  long  period  the  temperature  along  the  box 
will  be  proportional  to  the  distance  from  the  heated  end.  If  the  box 
is  exactly  100  cm.  long,  the  temperature  will  decrease  1  degree  for 
every  centimeter,  when  the  soil  temperature  at  eveiy  point  has  ceased 
to  change. 

Before  the  box  of  soil  attains  this  steady  state  the  temperature  at 
each  point  in  the  soil  is  changing  and  the  fall  of  the  temperature 
along  the  box  at  any  instant  will  be  represented  by  some  such  curve 
as  curve  2,  figure  2.  In  this  condition  the  heat  which  flows  in  at  one 
surface  of  the  element  A  is  greater  than  that  which  flows  out  at  the 

surface  farther  removed 
from  the  heat  source. 
If  the  mean  tempera- 
ture of  the  element  rises 
by  an  amount  dd  in  a 
time  dtj  a  quantity  of 

heat,  -^<^  (  j7  )  ^^ 

spent  per  second  in 
raising  the  temperature 
of  the  soil,  where  e  is 
the  thermal  capacity  of 
the  soil — ^that  is,  its  effective  specific  heat  divided  by  its  apparent  spe- 
cific volume — A  is  the  area  of  the  element,  and  Ax  its  thickness. 

The  excess  of  heat  entering  the  element  over  the  heat  which  flows 
out  at  the  farther  surface  of  element  AAx,  is  now  made  up  of  two 
terms,  one,  due  to  surface  radiation  over  the  surface  presented  by  the 
edge  Ax  with  perimeter,  p\  the  other,  due  to  heat  used  in  raising  the 
temperature  of  the  soil  element,  AAx,     Thus, 

If  the  soil  box  be  insulated,  the  emissivity  {E)  may  be  taken  as 
zero  and  the  equation  becomes 

Kf^e\dd 
c  \dJ  J~  di 


is 


Fio.  2.— Temperature  gradients  in  steady  state  and  tn  unsteady 

state. 


or  A' 


/"ilO  \      rd}d\ 


di?/ 
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Consequently,  to  determine  the  absolute  heat  conductivity  of  a 
soil,  it  is  necessary  to  know  (  ^  )>  (  3^  \  a^d  c.    The  diffusivity  is 

given  by  dividing  (^^^J  by  3^. 

The  rate  i'jj)^^  which  the  temperature  rises  with  time  at  a  kiiown 

distance  x  from  the  heat  source  is  read  on  a  thermometer  and  with 
a  stop  watch. 

^-j  is  the  rate  at  which  the  fall  of  temperature  along  the  box  de- 
creases on  passing  from  the  heated  end.  This  is  found  by  three  suc- 
cessive steps:  (a)  The  rate  of  rise  with  time  is  read  on  each  of  a  series 
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Fio.  3.— Temperature-time  cuires  for  the  general  case. 

of  thermometers  placed  in  the  central  axis  at  known  distances  from 
the  heated  end  of  the  soil  box.  These  readings  are  then  plotted, 
using  temperature  as  ordinates  and  time  as  abscissas.  Such  a  series 
of  curves  is  shown  in  figure  3.  (6)  At  the  particular  instant,  <,  when 
a  thermometer  (say  No.  5  thermometer  at  a  distance  of  5  cm.  from 

■^  )  (which  may  be  from  0.3® 

to  1.0®  per  minute),  a  cross  section  of  the  curve  in  figure  3  is  taken. 
This  means  that  the  reading  of  each  thermometer  at  the  instant  i  is 
taken  from  its  curve  in  figure  3.  With  these  values,  we  can  construct 
a  curve  showing  the  fall  of  temperature  along  the  soil  box  at  the  in- 
stant ^,  i.  e.,  the  temperature  gradient,  as  shown  in  figure  4.     (c)  To 

-j-j  ),  the  rate  of  change  of  the  temperature  gradient  at 

-J-  )  is  taken  from  the  curve 
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from  the  heat  source.     The  difference 


Fio.  4.— Temperature  gradient  for  unsteady  state. 


in  figure  4  at  4.5  cm.  from  the  heat  source^  and  again  at  5.5  cm. 

(which  here  is  1  cm.)  gives  j^  at  5  cm. 

The  value  of  c,  the  thermal  capacity  of  the  soil,  is  found  by  dividing 
the  effective  specific  heat  of  the  soil  by  its  apparent  specific  volume. 

The  specific  heat  of  a 
moist  soil  is  obtained 
by  adding  the  thermal 
capacity  of  the  solid 
portion  of  the  soil  to 
the  thermal  capacity  of 
the  water,  the  contribu- 
tion of  the  gases  to  the 
heat  capacity  of  the  soil 
being  very  small.  The 
apparent  specific  toI- 
ume  is  determined  by  weighing  a  known  volume  of  the  moist  soil  in 
the  condition  of  packing  in  which  it  enters  into  the  experiment, 
where  its  conductivity  is  to  be  determined. 

In  the  foregoing  description  of  the  method  used  in  determining 
heat  conductivity,  it  is  assumed,  for  the  sake  of  simplicity,  that 
the  soil  moisture  remains  evenly  distributed  throughout  the  box 
during  the  determination.  In  practice,  however,  the  soil  moisture 
passes  from  regions  of  higher  to  regions  of  lower  temperature,  thus 
causing  the  heat  con- 
ductivity to  vary  (1) 
with  the  time  at  any 
one  soil  element,  and 
(2)  with  the  distance 
from  the  heat  source, 
the  dryer  portions  of 
soil  near  the  heat  source 
conducting  less  well 
than  the  moist  soil 
farther  out.  The  effect 
of  this  drying  out  of  soil 

upon  the  temperature  gradient  is  shown  in  figure  5.  Curve  1  illus- 
trates the  fall  in  temperature  along  the  box,  supposing  the  soil 
moisture  remains  evenly  distributed;  curve  2  shows  the  effect  of  the 
drying  out  near  the  heat  source  upon  the  fall  of  temperature  along 
the  box;  the  poorly  conducting  dry  layers  of  soil  near  the  heal 
source  require  a  high  temperature  gradient  to  force  the  heat  through 
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Fio.  5.—  Effect  of  uneven  distribution  of  moisture  upon  temperft' 
ture  gradient  in  unsteady  state. 
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them,  consequeDtly  the  temperature  drop  along  the  box  is  at  first 
rapid  and  then  very  gradual. 

It   was   to   avoid    this  very  drying   out   effect   that   the   above- 
described  method  was  chosen,  consequently,  the  rate  of  temperature 


!  with  time, 


{  ji),   (ftd  rate  of  change  in   temperature  ffradient 

(  T-j  1,  are  taken  for  a  point  in  the  soil  so  far  removed  from  the 

heat  source  that  no  great  disturbances  in  the  moisture  content  or 
packing  have  yet  taken  place.  It  is  this  instantaneous  reading 
which  gives  validity  to  this  method,  since  any  long-continued  heating 
will  change  completely  the  condition  and  the  heat  conductivity 
of  the  soil. 

APPAKATVS. 

The  apparatus  used  in  this  method  consists  in  the  main  of  three 
distinct  features:  (1)  The  heat  source;  (2)  the  soil  box;  and  (3> 
the  mechanical 
packing  apparatus. 

(1)  The  heat 
source  is  a  heavy 
rectangular  brass 
tank,  17  cm.  wide, 
12  cm.  deep,  and 
20  cm,  long,  insu- 
lated with  asbestos 
and  felt  on  five 
sides,  one  end  being 
exposed  to  serve  as 
a  heat-contact. 
The  tank  is  main- 
tained at  a  con- 
stant temperature,  ^ 

near    100°   C,    bv  .,,_,. 

,  .      .■'  Fia.  e.— Heal  source  used  In  (talsiDvcstlpiuon. 

boilmg  water  in  it 

and  allowing  the  steam  to  escape  (k,  fig.  6)  at  atmospheric  pressure. 
For  lower  and  higher  temperatures,  different  liquids  may  be  used. 
The  liquid  in  the  tank  is  very  conveniently  heated  by  a  copper  coil 
carrying  live  steam  (a,)  which  passes  horizontally  through  the  tank. 
The  steam  exhausts  into  a  drainpipe  where  it  is  condensed  by  running 
water.  The  level  of  the  water  in  the  tank  is  shown  by  the  gauge  b,  and 
as  the  water  boils  away,  the  supply  is  replenished  by  the  feed-pipe,  c. 
The  temperature  of  the  tank  is  given  by  the  thermometer,  d;  e  and_/" 
are  skids  for  the  soil  box,  and  </  is  a  screw  clamp  serving  to  press 
the  soil  box  firmly  in  place  against  the  heat  source. 
88157— BuU.  69-09—3 
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(2)  The  soil  box  is  built  of  pine  wood  boiled  in  paraffin  and 
painted  with  asphaltum.  One  end  is  made  of  copper.  Externally  it 
has  a  coating  of  asbestos  board  cemented  to  the  woo<l.  The  end  cross 
section  inside  the  box  is  10  by  10  cm.  Centigrade  thermometers, 
reading  to  110°,  are  inserted  through  rubber  stoppers  in  the  sides 
of  this  box  at  intervals  of  1  cm.,  the  even  positions  alternating 
with  the  odd  positions  on  oppasite  sides  of  the  box,  thus,  numbers 


1,  3,  5,  7  are  on  the  right  side  of  the  box,  and  numbers,  2,  4,  6  on 
the  left  side  (%.  8).    The  thermometer  bulbs  are  ranged  along 
the  central  diameter  of  the  box,  which  is  perpendicular  to  the  plane 
of  the  heat  source.     For  some  of  the  determinations  thermometers 
were  placed  above  and  below  this  central  diameter  to  ascertain  the 
effect,  upon  the  rate  of  the 
temperature  rise  with  time, 
of  departure  from  this  cen- 
tral diameter. 

In  making  a  determina- 
tion the  soil  box  is  fitted 
with  the  thermometers  and 
then  filled  with  soil  of  defi- 
nite moisture  content  from  tlio  mechanical  packing  device  to  be 
described  below.  The  soil  box  is  then  allowed  to  stand  until  the 
thermometers  are  nearly  in  a  steady  state  at  room  temperature  and 
the  reading  of  each  thermometer  at  "zero"  time  taken.  The  copper 
end  of  the  soil  box  (A',  fijjs.  6  and  7)  is  then  placed  against  the 
heat  source,  a  stop  watch  pressed  at  the  instant  of  contact,  and 
readings  of  time  and  temperature   taken  from  each  thermometer 


FiQ.  s.— Soil  box,  ■howlDf  IT 
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during  a  period  which  may  cover  twenty  minutes  or  two  hours, 
depending  upon  the  heat  conductivity  of  the  soil. 

(3)  The  mechanical  packing  apparatus  used  has  been  pictured 
and  described  in  a  previous  bulletin  "  and  is  reproduced  in  figure  9. 
It  consists  of  an  electric  motor  whose  shaft  bears  an  eccentric  collar  E 
fitting  into  a  liole  in  the  end  of  a  sieve  iS:     When  the  motor  is  going 
the  sieve  vibrates  rapidly  at  its  lower  end,  the  upper  end  being  held  in 
place  by  wire  hooks 
R   which    engage   a 
support  and  are  kept 
in  place  by  the  pend- 
ant weight  TF.     The 
tin   false  bottom   T 
feeds  the  soil  to  the 
screen,    which    had 
three  meshes  to  the 
centimeter     in    the 
Work  here  present- 
ed.   The    soil    box 
(fig.  8)  may  thus  be 
filled  with  soil  under  ' 
definite  mechanical 

conditions.       In    all  j.„_  B.-Mect.anlcalp«te.,  rtiowlngmu  to.  below, 

the    experimental 

determinations  of  heat  conduction  the  soil  was  packed  by  means  of 
this  device,  the  height  of  the  sieve  above  the  soil  box  being  always 
the  same. 

GENERAL  8IJBVET  OF  EXPEAIHEIfTAX  WOBK. 

In  order  to  ascertain  the  effect  of  water  upon  the  heat  conductivity 
of  a  powder  whose  grains  are  all  of  the  same  material,  experiments 
were  made  using  a  coarse  grade  of  crushed  quartz  at  seven  different 
moisture  contents.  Similarly  a  fine  quartz  flour  was  used  at  ten 
different  moisture  contents.  With  these  two  series  of  experiments 
in  hand  giving  the  change  of  heat  conductivity  and  diffusivity  pro- 
duced in  a  single-substance  powder  by  addition  of  various  quantities 
of  water,  we  are  in  a  position  to  try  the  similar  effect  of  moisture  in 
more  complex  powders,  such  as  soils. 

A  sand  from  the  bottom  of  the  Hudson  River  at  five  different  mois- 
ture contents  was  then  studied;  next,  Podunk  fine  sandy  loam  at 
eight   moisture  contents;   Leonardtown  silt  loam  at   ten   moisture 

o  Moisture  Content  and  Phyaical  Condition  ot  Soils.  Cameroa  and  Gallagher, 
BuUetin  No.  50,  Bureau  of  Soib,  IT.  S.  Dept.  Agr.,  1908,  p.  60. 
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contents;  and  a  muck  soil  containing  25  per  cent  of  organic  matter  at 
eight  moisture  contents.  Also  Hagerstown  loam,  Galveston  clay, 
and  a  No.  4  sand,  a  separate  from  a  mechanical  analysis,  were  studied 
in  less  detail. 

With  a  different  spacing  of  thermometers  from  that  given  above 
(where  they  were  placed  1  centimeter  apart)  Norfolk  sand  in  air-dry 
condition  was  also  used.  Finally,  to  determine  how  the  heat  con- 
ductivity of  an  air-dry  powder  varies  with  the  size  of  grain,  under  the 
same  conditions  as  to  packing,  a  series  of  experiments  with  carborun- 
dum powder  was  carried  out. 

BZPBBIMENTAL  BBSXJLTS. 


COARSE   QUARTZ. 


The  sample  of  quartz  powder  used  was  largely  medium  sand,  as 
shown  by  the  following  mechanical  analysis,  which  is  the  mean  of 
several  separate  analyses: 

Table  I. — Mechanical  analysis  of  coarse  quartz  powder. 


Diameter  of    ! 


grain. 


Millimeters, 
2       -1 
1       -0.5 
0.5    -  .25 
.25  -  .1 
.1    -  .05 
.05  -  .005 
.00^-  .000 


Conventional  name. 


Fine  gravel . . . 
Coarse  sand . . . 
Medium  sand. 

Fine  sand 

Very  fine  sand 

Silt 

Clay 


Per  cent. 


0 

14.74 

58.22 

26.11 

.61 

.00 

.00 


The  basal  observations  of  the  temperature  at  distances  of  1,  2,  3, 
4,  5,  6,  and  7  cm.  from  the  heat  source  at  various  intervals  of  time 
are  given  in  Table  II.  Six  similar  sets  of  observations  were  made 
for  the  same  quartz  flour  at  six  other  moisture  contents.  The  experi- 
mental data  are  not  presented  at  this  time,  but  the  tables  are  on  file 
in  the  Bureau  of  Soils  and  are  available  to  the  scientific  public. 


EXPEBIMEKTAL  BE8ULTS. 
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Table  II. — FundamenLal  data  for  determination  of  heat  condvjctivity  and  diffusivity, 

(Name  of  soil:  Coarse  quartz.] 

RATE  OF  RISE  OF  TEMPERATURE  IN  SOIL  AT    DIFFERENT  DISTANCES   FROM  A 

STEADY  SOURCE  OF  HEAT. 


1  cm.  from  beat 

2  cm.  from  beat 

1 

3  cm.  from  beat     1 

4  cm.  from  beat 

source. 

source. 

source. 

source. 

I 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

m.    «. 

«»C. 

m. 

9. 

•c. 

m. 

«. 

•c. 

m.   ». 

•c. 

0    10 
r  00 

19.6 

0 

15 

19.8 

1 

40 

19.7 

1    30 

19.95 

19.8 

4 

10 

19.8 

4 

35 

19.7 

4    40 

19.95 

5    20 

25.4 

5 

30 

2ai 

7 

45 

20.1 

5    55 

19.95 

5    45 

27.8 

8 

45 

20.1 

8 

40 

20.6 

6    30 

19.96 

6    07 

30.0 

10 

00 

29.0 

9 

25 

21.1 

8    00 

20.00 

7    35 

37.5 

12 

20 

33.7 

11 

30 

22.9 

9    35 

20.2     • 

9    15 

44.0 

13 

55 

36.7 

12 

35 

24.0 

11    40 

20.7 

11    25 

50.0 

19 

00 

44.1 

14 

10 

25.7 

12    40 

21.1 

12    30 

52.5 

28 

25 

53.0 

16 

25 

28.3 

13    25 

21.4 

13    45 

55.0 

30 

30 

54.5 

18 

45 

30.7 

14    15 

21.8 

16    50 

59.8 

33 

45 

56.5 

22 

30 

34.5 

15    00 

22.3 

18    50 

62.2 

36 

40 

58.0 

28 

15 

39.2 

15    30 

22.5 

22    40 

G5.8 

39 

45 

59.4 

30 

40 

41.1 

16    10 

22.8 

28    25 

69.5 

41 

15 

60.0 

35 

an 

44.2 

17    00 

23.4 

30    15 

70.5 

43 

45 

60.8 

41 

30 

47.1 

17    40 

23.8 

32    50 

71.7 

46 

10 

61.6 

45 

10 

49.1 

18    00 

24.0 

36    00 

73.0 

49 

30 

62.8 

46 

20 

49.7 

18    30 

24.4 

39    30 

74.0 

52 

10 

63.6 

49 

55 

51.0 

19    25 

25.0 

40    00 

74.3 

54 

50 

64.2 

52 

30 

52.0 

20    50 

26.0 

43    30 

74.0 

57 

00 

64.8 

56 

45 

53.5 

22    30 

27.2 

46    00 

75.4 

59 

45 

65.5 

58 

25 

54.0 

23    20 

27.8 

49    45 

76.5 

62 

20 

66.0 

60 

00 

54.5 

24    20 

28.5 

52    10 

77.0 

64 

20 

66.5 

62 

10 

55.0 

25    12 

29.0 

55    00 

77.6 

08 

00 

67.1 

64 

30 

55.7 

25    55 

29.5 

57    15 

78.0 

72 

15 

68.0 

67 

15 

56.4 

26    30 

29.8 

59    30 
62    30 
64    10 
67    50 
CO    50 
72    40 

78.4 
78.9 
79.0 
79.5 
79.8 
80.0 

68 
70 
72 

15 
00 
50 

56.7 
57.5 
57.8 

27    08 

27  50 

28  55 

30  50 

31  30 

33  15 

34  30 

35  15 

37  45 

38  45 
40    30 

43  10 

44  30 

45  45 

46  45 

47  45 

49  00 

50  00 

51  40 

52  45 
54    25 
56    30 
58    10 
60    40 

62  00 

63  40 

64  40 
66    30 

68  30 

69  00 
72    00 
72    45 

30.35 

30.7 

31.4 

32.7 

33.0 

34.1 

34.8 

35.2 

;i«.5 

37.0 
38.0 
39.0 
39.6 
40.1 
40.5 
41.0 
41.4 
41.8 
42.3 
42.7 
43.3 
44.0 
44.5 
45.3 
45.7 
46.1 
4&4 
47.0 
47.4 
47.6 
48.3 
48.6 

'■                   !'■ 

1 

1 

1 

1 

f 

1 





• 

1 :... 



1 

1 

1 

1 

1 

* 

1 

r 

" • 1 

1 

1 

1 

1 

1 
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Table  II.  — Fundamental  data/or  determination  of  heat  conductivity  and  difftminty—don. 

RATE  OF  RISE   OP  TEMPERATURE  IN  SOIL  AT  DIFFERENT    DISTANCES  FROM  A 

STEADY  SOURCE  OF  HEAT— Continued. 


5  cm.  from  heat 
source. 

(Beckmann.) 

6  cm.  from  heat 
source. 

7  cm.  from  heat 
source. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

TimA. 

Temp. 

m. 

a. 

«C. 

m. 

9. 

*C. 

m. 

«. 

"C. 

m.   s. 

T. 

0 

20 

19.45 

0 

00 

0.715 

0 

60 

19.3 

0    35 

19.5 

1 

50 

19.46 

1 

00 

.715 

3 

00 

19.3 

7    10 

19.5 

4 

20 

19.45 

3 

00 

.715 

4 

30 

19.3 

10    00 

19.5 

5 

45 

19.46 

3 

45 

.715 

7 

46 

19.3 

15     40 

19.65 

7 

00 

19.45 

4 

55 

.716 

8 

20 

19.35 

19    35 

19.8      1 

8 

00 

19.45 

6 

20 

.715 

9 

<0 

19.35 

28    35 

21.0 

8 

55 

19.45 

7 

25 

.715 

10 

40 

19.4 

29    45 

21.1 

10 

00 

19.5 

8 

15 

.715 

11 

10 

19.4 

34    45 

22.3 

10 

50 

19.55 

9 

00 

.715 

14 

25 

19.45 

41     50 

24.0 

11 

50 

19.65 

10 

15 

.745 

15 

10 

19.55 

45    00 

25.0 

12 

65 

19.7 

11 

00 

.775 

16 

30 

19.6 

47     10 

,    25.5 

15 

35 

20.0 

12 

00 

.835 

17 

25 

19.7 

50    <0 

26.5 

16 

10 

20.05 

12 

50 

.900 

18 

20 

19.8 

56    00 

27.9 

17 

00 

20.3 

13 

30 

.975 

19 

15 

19.95 

58    45 

28.7 

17 

45 

20.50 

14 

43 

1.145 

20 

35 

20.2 

60    30 

29.0 

18 

00 

20.6 

15 

03 

1.200 

21 

15 

2a3 

62    45 

29.6 

19 

35 

21.0 

15 

53 

1.350 

22 

20 

20.6 

65     10 

30.1 

20 

55 

21.5 

16 

37 

1.500 

23 

06 

20.7 

67     10 

3a7 

22 

55 

22.2 

17 

16 

1.650 

24 

35 

21.1 

60    30 

31.2 

23 

30 

22.5 

17 

51 

1.800 

25 

25 

21.3 

72    25 

.•32-0 

24 

28 

22.9 

18 

16 

1.900 

26 

15 

21.6 

74    CO 

02.3 

25 
26 
27 
27 
30 
31 
32 
33 
34 
35 
36 
37 
38 
40 
41 
42 
43 
44 
45 
46 
47 
48 
50 
61 
53 
54 
55 
56 
57 
69 
60 
•  61 
64 
66 
67 
68 
71 
74 

34 
35 
12 
55 
00 
00 
00 
00 
00 
00 
15 
15 
30 
15 
25 
15 
00 
00 
30 
30 
30 
40 
15 
30 
00 
10 
10 
20 
50 
10 
15 
45 
50 
00 
30 
45 
30 
15 

23.3 

23.8 

24.0 

24.4 

25.4 

25.9 

26.3 

26.8 

27.2 

27.7 

2&1 

28.6 

29.2 

30.0 

30.5 

30.85 

31.1 

31.5 

32.1 

32.5 

33.0 

33.3 

33.9 

34.3 

34.9 

35.2 

35.5 

35.9 

36.3 

36.8 

37.0 

37.5 

38.3 

38.6 

39.0 

39.3 

40.0 

40.6 

19 
19 
19 
20 
20 
20 
21 
21 
21 
22 
23 
23 
23 
23 
23 
24 
24 
24 
24 
25 
25 
25 
26 
26 
26 
27 
27 
27 

07 
48 
58 
07 
16 
26 
02 
20 
30 
03 
00 
33 
41 
49 
67 
03 
12 
43 
58 
05 
44 
69 
22 
43 
67 
17 
26 
33 

2.150 
2.350 
2.400 
2.450 
2.500 
2.550 
2.750 
2.850 
2.900 
3.100 
3.450 
3.650 
3.700 
3.750 
3.800 
3.850 
3.900 
4.100 
4.200 
4.250 
4.500 
4.600 
4.750 
4.900 
6.000 
5.150 
5.200 
5.250 

26 
28 
31 
33 
35 
37 
39 
40 
42 
43 
44 
46 
48 
49 
50 
52 
63 
54 
66 
69 
60 
63 
64 
66 
69 
73 

65 
05 
45 
30 
45 
00 
00 
45 
00 
20 
40 
65 
00 
20 
30 
00 
15 
35 
10 
00 
00 
00 
55 
45 
15 
40 

21.7 
22.1 
23.3 
24.0 
24.8 
25.3 
26.0 
26.7 
27.2 
27.7 
28.0 
28.9 
29.3 
29.8 
30.1 
30.6 
31.0 
31.4 
32.0 
32.8 
33.6 
34.0 
34.6 
35.0 
35.7 
36.8 



1 

1 

... 

' 

1 

1 

1 

1 

' 

[ 

>                  1 

1 

1 

""'. 1 

1 

1 

1 

.....      1 
...1 

■         1 

:::::::::::::::::;:.:::;::;:::  ::::::::.::;::::::: """"ii 

1 

;                                               1 

•                                                           ) 

, 

■ 

Temperature  of  heat  source,  98.8. 
Heat  applied  at  3  minutes  30  seconds. 
Apparent  specific  volume  0.601. 
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For  Table  II  the  quartz  powder  was  air  dry.  For  the  remaining 
six  determinations  the  quartz  was  moistened  and  thoroughly  well 
mixed  by  hand  and  by  several  passages  through  the  screen  of  the 
mechanical  packer  (fig.  9).     It  was  then  allowed  to  fall  into  the  soil 


10  ee  JO  40  »o 

Ww^n^$      www       ^^PP^PW^r^p^ 

FiQ.  10.— Temperature-time  curves  for  alivdry  coarse  quartz  powder. 

box  (fig.  8)  from  the  mechanical  packer  and  a  volmne  weight  taken 
for  part  of  the  same  sample  by  allowing  it  to  pack  from  the  screen  of 
the  packer  into  a  glass  crystallizing  dish  of  known  volume,  which  was 
weighed  after  scraping  the  top  of  the  quartz  powder  flush  with  the 

edge  of  the  dish.  The  moisture 
content  of  this  sample  in  the  crys- 
tallizing dish  was  then  obtained  by 
evaporating  first  on  a  steam  bath 
and  finally  to  constant  weight  in 
a  toluene  oven  at  110*^  C.  The 
thermometers  in  the  soil  box  were 
read,  and  if  their  temperatures  were 
close  together  and  near  the  room 
temperature,  the  box  was  applied 
at  once  to  the  source  of  heat  and 
the  time-temperature  readings  be- 
gun. In  some  experiments  the 
thermometers  were  read  for  some 
time  before  applying  the  box  to  the 
source  of  heat. 

In  some  of  the  experiments  a 
Beckmann  differential  thermometer 
was  inserted  at  a  distance  of  6  cen- 
timeters from  the  source  of  heat  in 
order  to  read  the  temperature  differences  more  accurately  at  this 
point.  The  thermometers  used  for  the  general  work  were  graduated 
to  1°  C,  and  could  be  read  by  means  of  a  hand  lens  to  O.l**.*   Their 


^ 


Tim*  iit  mtnutma 


Fio.  11.— Temperature-tlme  curve  for  air-dry 
coarse  quarts  powder,  No.  5  thermometer, 
showing  period  of  straight  line  rise. 
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range  was  —10®  to  +110®  C.  The  bulb  of  each  thermometer  was 
about  2.7  cm.  long  and  0.5  cm.  in  diameter.  The  time-temp)erature 
curves  were  plotted  with  temperature  as  ordinates  and  time  as 
abscissas,  the  readings  for  all  seven  thermometers  at  one  moisture 
content  appearing  on  the  same  sheet,  figure  10.  With  these  curves 
as  a  basis  the  fall  in  temperature  along  the  soil  box  may  be  interpo- 
lated for  any  instant  and  these  temperature  values  plotted  as  a  function 
of  the  distance  x  of  each  thermometer  from  the  source  of  heat,  fig- 
ure 12.  The  particular  instant  at  which  this  gradient  curve,  figure  12, 
is  to  be  taken  is  found  by  plotting  on  a  larger  scale  than  figure  10  the 
time-temperature  curve  for  the  thermometer  5  cm.  distant  from  the 

heat  source,  as  shown  in 
figure  11.  Here  it  is 
seen  that  after  a  short 
period  the  temperature 
rises  at  a  nearly  con- 
stant rate,  -  0.433®  C. 
per  minute  in  this  par- 
ticular experiment.  The 
instant  at  which  this 
constant  rate  is  estab- 
lished is  taken  as  the 
time  at  which  to  read 
the  temperature  gradi- 
ent from  the  fundamen- 
tal curve  given  in  figure 
1 0.  From  this  tempera- 
ture gradient,  as  plotted 
in  figure  12,  a  value  of 
O/sfcncefr^Aecf  source  •cm.  the    Tate  of    cJiangc    of 

r,o.l2.-TemperaturegnulieutforairHiry«,an.equarU  powder   temperature    gradient 

plotled  to  two  different  scales.  with    distaUCe    from    the 

heat  source   at   the   particular    instant,    t,    may   be   found,    i.    e., 

-J  it  either  graphically  or  analytically.     These  values,  -jr    and  -xj, 

together  with  the  apparent  specific  volume  and  the  effective  specific 
heat,  are  assembled  in  Table  III,  and  from  them  the  absolute  heat  con- 
ductivity and  diffusivity  are  calculated  and  given  in  the  columns  so  des- 
ignated. The  curves  for  time-temperature  readings  and  for  tempera- 
ture fall  along  the  soil  box  are  not  given  for  each  experiment,  since  such 
a  full  treatment  would  render  this  paper  unnecessarily  bulky,  and  since 
such  curves  to  be  of  practical  benefit  need  to  be  given  with  an  accuracy 
which  can  be  best  attained  by  plotting  each  set  of  curves  from  such 
data  as  that  given  in  Table  II  to  a  larger  scale  than  published  curves 
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of  this  &ort  will  admit.  Tliis  method  of  treatment  as  shown  in  figures 
10,  11,  and  12  will  be  adhered  to  throughout  this  paper,  conse- 
quently one  complete  analysis  of  the  method  used  in  calculating 

-        -,  and   the  values   for   the   absolute   heat   conductivity  and 
diflFusivity    derived    therefrom    will    suffice.     In    Table    III    there 

are  also  given  a  number  of  values  for   tt  at  5  cm.  from  the  heat 

source  and  under  known  conditions  of  packing  and  moisture  content, 
but  the  auxiliary  thermometers  were  not  used  to  secure  the  temper- 

ature  gradients  in  these  experiments,  so  that  the  value  t-^  is 
imknown.     These  values,  however,  serve  as  a  check  on  the  value 

If,  and  on  the  specific  volume  for  the  moisture  contents  given. 

88157— Bull.  59— 09 1 
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In  Table  III  several  columiis  of  auxiliary  data  are  giyen  in  addition 
to  that  required  merely  for  the  calculation  of  the  heat  conductivity 
and  diffusivity.  Column  1  contains  the  experimental  value  for  the 
apparent  specific  volume  at  the  moisture  content  given  in^column  2, 
while  column  3  shows  this  same  moisture  content  calculated  to  per- 
centage on  the  dry  weight  of  the  soil,  and  column  4  gives  the  effective 
specific  heat  calculated  from  the  moisture  content  in  column  3,  the 
specific  heat  of  solid  quartz  being  taken  as  0.1900  and  that  of  water  as 
1.  Column  5  shows  the  rate  of  rise  of  the  thermometer  at  5  cm.  from 
the  heat  source  per  mmute;  column  6  gives  the  temperature  at  which 
this  rate  of  rise  begins  to  be  constant;  and  colunm  7  the  time — from 
the  application  of  the  soil  box  to  the  source  of  heat — at  which  this  rate 
of  temperature  rise  sets  in.  Column  8  gives  the  period  of  time  required 
for  the  temperature  of  the  soil  at  5  cm.  from  the  heat  source  to  rise 
6.3°  C,  an  interval  of  temperature  chosen  arbitrarily,  but  serving  to 
compare  the  effect  of  moisture  in  soil  upon  the  rate  at  which  the  soil 
heats  up  at  a  fixed  distance  from  a  constant-temperature  heat  source 
whose  heat  supply  is  infinite.     Column  9  contains  the  graphically  cal- 

culated  values  of  -^-r,  obtained  in  each  case  by  use  of  three  sets  of 

curves  as  shown  in  figures  10,  11,  and  12,  and  given  here  for  Jx  =  0,5 
cm.  in  every  case.  Colunm  10  shows  the  product  of  the  effective 
specific  heat  (column  4)  and  the  rate  of  temp>erature  rise  per  minute; 
this  product  in  column  10  is  divided  by  the  apparent  specific  volume 
(column  1)  and  the  result  given  in  column  11,  which  again  is  divided 
by  60,  to  reduce  the  time  unit  from  minutes  to  seconds,  and  the 
result  placed  in  column  12.     This  last  column  again  is  divicled  by 

€P0 

T-j   as  given  in  column  9  and  the  final  value  for  Kj  the  alisolute  heat 

conductivity  obtained,  as  shown  in  column  13.  Column  14  contains 
the  diffusivity  or  rate  at  which  the  temperature  rises  under  a  unit 
temperature  gradient.  This  is  calculated  by  dividing  the  rate  of 
rise  of  temperature  at  a  distance  of  5  cm.  from  the  heat' source  by 
the  rate  of  change  of  temperature  gradient  with  distance  from  heat 

'' \dij  '  dx"' 

In  figure  13  the  apparent  specific  volume,  the  heat  conductivitj^,  and 
the  diffusivity  have  been  plotted  as  ordinates,  and  the  moisture  contents 
of  the  quartz  as  abscissas.  The  special  scale  for  ordinates  used  for 
each  curve  is  shown  at  the  left  for  the  heat  conductivity  and  at  the 
right  for  the  diffusivity  and  specific  volume.  The  specific  volume  curve 
shows  an  optimum  water  content  at  a  point  somewhere  between  2 
and  4  per  cent  of  moisture  on  the  wet  weight.  The  diffusivity 
curve  goes  through  a  maximum  value,  but  the  maximum  shows  no 
direct   relation   to   the   optimum   water   content.     This   maximum 


source,  i.  e.  (  Ti 
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(lifTusivity  is  due  to  the  fact  that  a  little  water  in  the  quartz  affords 
contact  between  the  grains  and  breaks  down  the  air  insulation,  but 
as  more  and  more  water  is  added  the  heat  capacity  of  the  moist  quartz 
is  raised,  and  in  consequence  thereof  the  temperature  rise,  produced 
by  a  given  quantity  of  heat,  is  necessarily  lowered.  The  curve  for 
heat  conductivity  rises  regularly,  and  at  the  moisture  contents  studied 
approaches  a  maximum  value.     The  last  point  taken  (20.26  per  cent 
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Fig.  13.— Effect  of  moLslure  upoD  the  apparent  specific  yolume,  heat  oonductivfty,  and  diffusiritv  of 

coarse  quartz  povrder. 

of  water  on  wet  weight)  was  for  quartz  saturated  with  water;  at 
higher  moisture  contents  the  heat  conductivity  would  gradually  fall 
to  the  heat  conductivity  of  water.  Consider  now  the  time  required 
for  the  temperature  at  a  distance  of  5  cm.  from  the  heat  source  to 
rise  6.3^  C,  as  shown  in  column  8.  For  the  air-dry  quartz  it  varies 
from  35  minutes  to  27  minutes  20  seconds,  depending  on  the  moistiu^ 
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content  and  packing.  Addition  of  1.2  per  cent  of  moisture  reduces 
this  time  to  17  minutes  40  seconds,  some  50  per  cent;  but  further 
addition  of  water  only  slightly  decreases  this  time,  which  is  again 
increased  as  the  quartz  becomes  saturated  with  water.  From  these 
last  observations  it  is  evident  that  the  determination  of  the  time 
required  by  any  one  jmnt  in  the  soil  to  rise  through  a  stated  tempera- 
ture interval  can  not  be  taken  as  a  measure  of  the  ability  of  the  soil 
to  conduct  heat. 

SOURCES   OF    ERROR. 

Effect  ofworJcing  in  the  '* unsteady  state.'' — The  necessity  for  taking 

temperature-time  curves  in  the  unsteady  state,  to  avoid  evaporation 

of  soil  moisture  from  the  layer  in  which  it  is  desired  to  measure  the 

cPd 
heat  conductivity,  introduces  the  factor  ^-j,  the  acceleration  of  the 

temperature  with  respect  to  distance  from  the. heat  source.     And 

the  evaluation  of  this  factor  -r-^  requires  the  use  of  second  differences 

for  temperature  data,  which  data  are  of  such  a  nature  that  these  second 
differences  may  lie  very  close  in  value  to  the  error  of  experiment. 

Two  methods  of  calculating  -r-^  are  available:    (a)    The  graphical 

method,  which  has  been  described  above,  consists  in  measuring  off 
a  value  of  JO  and  of  Jx  on  the  temperature-distance  curve  given  in 

figure  12  and  taking  this  ratio  -r-.     If  we  do  this  at  two  points  on  the 

curve  at  a  distance  Jx  from  each  other  and  then  subtract  these  two 

ratios  ^'  and   -.  ^,  and  divide  the  remainder  by  Jx,  we  have  per- 

formed  the  operation  indicated  by  the  symbol   ,  .^  and  get  its  value  at 

once.     The  difficulty  is  that  different  magnitudes  of  Jx  give  different 

values  of    ,  -^,  and  the  choice  of  the  proper  Jx  must  be  made  so  that 

it  is  considerably  greater  than  the  experimental  error  and  still  is  not 

so  large  as  to  cover  too  great  a  length  of  the  curve,  0,  x,  whose 

direction  is  rapidly  changing.     In  this  paper  Jx  has  been  taken  as 

dJ^O 
0.5  cm.  and  the  various  values  of  j  .  worked  out  upon  that  basis. 

d^O 
(6)  The  analytical  method  of  evaluating  ^  ^  consists  in  determining 

the  empirical  constants  of  the  curve,  0,  x,  from  the  observed  data. 

The  advantage  in  this  method  lies  in  that  it  enables  us  to  use  rigid 
differentiation,  the  JO  and  Jx  being  carried  to  the  limit  and  becoming 
dO  and  dXj  infinitesimally  small.     The  disadvantage  of. the  method  is 
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the  immense  quantity  of  detailed  computation  involved.     On  this 
account  we  have  used  the  less  exact  graphical  method  of  deriving 

^.     Later,  if  it  is  thought  that  the  other  experimental  errors  which 

limit  the  accuracy  of  this  work  warrant  it,  this  analytical  method  of 

evaluating  ^  .  may  be  taken  up. 

Spacing  of  {hermometers. — The  thermometers  were  placed  with 
the  central  diameters  1  cm.  apart.  A  deviation  of  0.05  mm.  from 
the  correct  position  would  mean  an  error  of  5  per  cent.  Conse- 
quently the  values  given  throughout  this  paper  may  be  5  per  cent 
high  or  low  from  this  source  of  error  alone. 

Dimensions  of  thermometers. — The  diameters  of  the  thermometer 
bulbs  varied  as  much  as  1  mm.  from  the  average  value  5  mm.  This 
error  might  add  to  or  subtract  from  the  error  of  placement  (No.  2), 
depending  upon  the  signs  (+  or  — )  of  each  error  involved. 

Reading  of  {hermometers. — The  error  due  to  slow  response  of  the 
mercury  thread  in  the  thermometer  to  change  in  temperature  is  a 
much  more  serious  error  factor  than  the  personal  error  involved  in 
taking  the  position  of  the  mercury  thread  with  a  hand  lens.  The 
position  of  the  mercury  meniscus  may  be  determined  certainly 
within  a  fifth  of  a  degree  and  very  nearly  to  a  tenth  with  the 
thermometers  used.  This  slow  response  of  the  mercury  to  tempera- 
ture change  was  partially  overcome  by  tapping  each  thermometer 
before  reading  it:  but  where  temperature-time  readings  are  taken, 
the  general  trend  of  the  curve  is  all  that  can  be  hoped  for,  even 
using  a  Beckmann  differential  thermometer  graduated  to  0.01**  C. 
and  a  0.2  second  stop  watch. 

Reading  of  stop  watch. — The  time  was  read  to  seconds  on  the  stop 
watch,  but  since  the  same  observer  reads  the  mercury  of  the  ther- 
mometer and  the  watch,  there  is  a  lack  of  coordination  between 
temperature  and  time  in  the  readings  which  amounts  to  an  error  of 
from  one-half  to  one  second.  This  error  together  with  the  sticking 
of  the  mercury  thread  prevents  the  use  of  thermometers  of  a  fine 
graduation. 

Determina4ion  of  moisture. — ^The  moisture  determinations  were 
made  using  samples  of  the  soil  from  thie  same  hatch  as  that  used  to 
fill  the  soil  box;  the  samples  were  taken  at  the  time  when  the  soil 
box  was  being  filled  from  the  mechanical  packer,  and  consequently 
were  in  the  same  state  as  the  soil  in  the  soil  box.  In  several  cases 
the  soil  remaining  in  the  box  after  a  heat  conductivity  experiment 
had  been  finished  was  tested  and  its  moisture  content  found  to  be 
nearly  the  same  as  at  first  in  the  part  of  the  soil  beyond  the  thermometer 
5  cm.  from  the  heat  source.     Distillation  of  moisture  of  course  takes 
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place  near  the  heat  source,  but  this  does  not  extend  in  a  marked 
way  much  beyond  3  cm.  out  from  the  heat  source.  The  lack  of 
an  accurate  soil  hygrometer  prevents  exact  determination  of  this 
distillation  phenomenon.  Finally  it  may  be  stated  that  the  moisture- 
content  value  is  the  least  subject  to  error  of  any  of  the  factors  in  this 
research.  The  experimental  errors  involved  in  its  determination 
are  so  slight  as  to  have  no  appreciable  influence  upon  the  effective 
specific  heat  of  the  soil  as  calculated  from  the  moisture  content. 

Apparent  specific  volume. — This  factor  in  the  problem  is  very  diffi- 
cult to  control.  The  packing  of  the  soil  at  the  bottom  of  the  soil  box 
is  closer  than  at  the  top,  owing  to  the  difference  in  height  of  fall 
from  the  sieve  of  the  mechanical  packer  (fig.  9)  and  to  the  weight  of 
the  soil.  This  effect  is  obvious  from  theoretical  considerations,  and 
was  experimentally  demonstrated  by  volume-weight  determinations 
made  under  the  conditions  of  this  experimental  investigation.  Con- 
sequently the  apparent  specific  volume  was  determined  as  an  average 
value  from  top  to  bottom  of  the  soil  box  by  allowing  the  soil,  in  the 
same  condition  as  to  moisture  as  that  in  the  box,  to  fall  from  the 
mechanical  packer  into  a  deep,  wide  crystallizing  dish  sufficiently 
large  to  represent  the  volume  conditions  obtaining  in  the  soil  box. 
A  number  of  duplicate  volume-weight  determinations  showed  the 
precision  of  this  method  so  far  as  an  individual  batch  of  soil  was 
concerned.  It  can  not  be  too  strongly  emphasized,  however,  that 
the  same  soil  with  practically  the  same  moisture  content  gives  con- 
siderable variation  in  the  apparent  specific  volume,  owing  to  differ- 
ences in  the  state  of  aggregation  of  the  soil  grains,  which  arise  prob- 
ably from  otherwise  undetected  variations  in  the  distribution  of 
moisture.  On  this  account,  then,  it  is  not  surprising  if  duplicate 
determinations  of  the  heat  conductivity  and  diffusivity  of  soils  show 
a  considerable  variation.  However,  the  results  obtained  in  this 
investigation  show  much  greater  regularity  than  might  be  expected. 

TTie  specific  heat — The  determination  of  the  specific  heat  of  each 
soil  in  oven-dry  condition  was  made  by  heating  100  grams  of  the 
sample  to  nearly  100®  C.  in  a  steam  bath  and  then  quickly  stirring 
the  hot  soil  into  the  water  in  a  calorimeter.^  The  rise  in  temperature 
was  taken  on  a  Beckmann  differential  thermometer  graduated  to 
0.01®  C.  and  the  customary  calculation  made.  A  separate  experi- 
ment, using  the  same  quantities  of  water  and  of  soil  at  the  same 
temperature  (about  25®  C),  gave  the  temperature  effect  due  to  the 
simple  wetting  of  the  dry  soil.  This  effect  was  allowed  for  in  all 
the  specific  heat  determinations  made  in  this  investigation. 

Table  IV^  shows  the  magnitude  of  this  effect  for  several  soils. 


o Compare  Ulrich,  Forsch.  Geb.  Agr.  Phys.  17, 1  (1894). 
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Table  IV. — The  heat  evolved  by  wetting  certain  soile,  dried  at  110^  C. 


Weight 
of  soil. 

Water 
equiva- 
lent of 
calo- 
rimeter 
S3rstem. 

Tem- 
pera- 
ture 
rise. 

Specif- 
ic heat 
of  dry 
soil 
(cor- 
rected). 

Water 
equiva- 
lent of 
soil. 

Total 
water 
equiva- 
lent of 
system. 

Heat 
evolved 
by  wet- 
ting soil. 

Heat 

evolved 

per  gram 

of  soil. 

Tem- 
pera- 
ture of 
obser- 
vation. 

Name  of  soil. 

Caioritt 

OraTM. 

Qranu, 

•c. 

Oramt. 

Oranu. 

Caloriet. 

pcTcntn. 

•c. 

100 
100 

515.3 
515.3 

0.070 
.060 

0.1848 

18.48 
18.48 

533.8 

37.4 
32 

0.374 
.320 

24 

-Norfolk  sand. 

100 

511.87 

1.360 

.1566 

15.66 

527.53 

716 

7.16 

24.2 

Muck  Mil.  23  per  cent 
organic  matter. 

100 

515.3 

1.190 

.1566 

15.66 

530.96 

632 

6.32 

25-3   I       Do 
24.8   f       ^• 

100 

515.3 

1.065 

.1566 

15.66 

530.96 

576 

5.76 

100 

532.87 

.662 

.2097 

20.97 

553.84 

366 

3.66 

24. 5    Galveston  clay. 

100 

515.3 

.730 

.2097 

20.97 

536.27 

301 

3.91 

25.2           Do. 

100 

515.3 

.205 

.1914 

19.14 

534.44 

109.5 

1.096 

24.3     Hagerstown  loam. 

100 

515.3 

.210 

.1914 

19.14 

534.44 

112.2 

1.122 

24.4           Do. 

100 
100 

515.3 
515.3 

.155 
.155 

.1944 
.1944 

19.44 
19.44 

534.74 
534.74 

83 
83 

.83 
.83 

^•^  ;}Leonardtown  silt  loam. 

100 

515.3 

.050 

.1828 

18.28 

533.58 

26.7 

.267 

25 

Podunk  fine  sandy  loam. 

100 

515.3 

.025 

.1828 

18.28 

533.58 

13.3 

.133 

24.5 

Do. 

100 

515.3 

.030 

a. 1900 

19 

534.3 

10.02 

.160 

24.6 

Large  quarts  grains. 

100 

515.3 

.026 

a.  1900 

19 

534.3 

13.88 

.139 

25.0 

100 
100 

515.3 
515.3 

.060 
.057 

a.  1900 
.1900 

19 
19 

534.3 
534.3 

42.7 
34.5 

.427 
.345 

|};|  '|FiDe  quarte  flour. 

100 
100 

515.3 
515.3 

.045 
.020 

.1769 
.1760 

17.09 
17.69 

533 
533 

25 

10.7 

.250 
.107 

23.5 
23,7 

JHudsoD  River  sand. 

100 

515.3 

.080 

.1799 

17.99 

533.29 

42.7 

.427 

24.5 

\No.  4  sand.    Soil  sepa- 
/    rate. 

100 

515.3 

.077 

.1799 

17.99 

533.29 

41.1 

.411 

25.4 

a  Assumed  from  data  in  L^ndolt  &  Bt^msteln. 


The  effect  of  size  of  soil  grain  is  well  shown  by  the  two  grades  of 
quartz  flour,  the  coarse  evolved  0.160  and  0.139  calories  per  gram, 
while  the  fine  quartz,  which  is  nearly  all  a  silt,  evolved  0.427  and 
0.345  calories  per  gram.  The  heat  effect  of  wetting  grades  down  from 
7.16,  6.32,  and  5.76  calories  per  gram  for  a  muck  soil  containing  25  per 
cent  of  organic  matter,  to  as  low  as  0.25  and  0.107  calories  per  gram 
for  a  Hudson  River  sand."  The  influence  of  this  heat  of  wetting 
factor  in  specific  heat  determinations  may  be  very  great.  Thus  the 
ordinary  muck  soil  gives  an  apparent  specific  heat  of  0.2400,  but  when 
correction  for  the  heat  of  wetting  is  made  the  true  value  of  the 
specific  heat  is  seen  to  be  0.1566,  an  error  of  over  33  per  cent. 

In  calculating  the  effective  specific  heat  of  a  soil  at  any  one  moisture 
content,  one  simply  adds  the  heat  capacity  of  the  water  to  that  of  the 
dry  soil. 

Contact  of  soil  box  with  source  of  heat — ^There  is  no  doubt  that  perfect 
contact  between  the  copper  end  of  the  soil  box  and  the  brass  end  of  the 
heat  source  was  not  secured.  However,  the  temperature  gradient 
and  rate  of  rise  of  the  soil  thermometers  furnish  the  necessary  data 
for  the  purpose  in  hand,  so  that  the  exact  temperature  of  the  soil  at 
0.2  to  0.6  cm.  from  the  heat  source  makes  no  difference  in  the  result 
obtained  for  the  heat  conductivity  and  diffusivity,  while  it  certainly 
does  make  a  great  difference  in  the  quantity  of  heat  which  passes 
along  into  the  soil  box. 


aCorapare  Mitscherlich,  Laiidw.  Jahrb.  30,  361  (1901);  81,  577  (1902);  also  Jour, 
f.  LaDdw.  (1900),  p.  71. 
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Variation  in  the  temperature  of  the  heat  source. — The  variations  in  the 
temperature  of  the  heat  source  were  not  greater  than  0.2°  C.  and 
usually  were  not  of  sufficient  duration  to  show  in  the  rate  of  rise  of  the 
soil  thermometers.     The  error  from  this  source  is  negligible. 

Loss  of  heat  by  radiation. — The  soil  box  was  well  insulated  and  the 
thermometers  in  the  central  diameter  were  each  protected  by  some 
4  cm.  of  soil  from  the  influence  of  the  sides  of  the  box.  Consequently 
the  radiation  effect  may  be  neglected. 

PINE   QUARTZ. 

The  fundamental  data  for  the  temperature-time  curves  were  taken, 
using  a  fine  quartz  flour  at  various  moisture  contents,  the  method  of 
procedure  being  exactly  as  described  above  for  the  coarse  quartz 
powder.  Table  V  gives  the  mechanical  analysis  of  this  fine  quartz 
flour,  which  is  seen  to  be  80.5  per  cent  silt. 

Table  \ ,— Mechanical  analysis  of  fine  quartz  flour. 


Diameter  of 
grain. 


MiUtmetera. 

2-1 

1-0.6.... 
0.6-0.26... 
.26  -0.1..., 
.1  -.05.... 
.05  -.005... 
.006-0.0.... 


Total. 


ConventioDal  names. 


Fine  gravel 

Coarse  sand . . . 
Medium  sand., 

Fine  sand 

Very  fine  sand . 

Silt 

Clay 


Per 
cenl.o 


0.00 

1.01 

.09 

.16 

8.00 

80.47 

10.84 


99.67 


a  Mean  of  ten  samples. 

The  values  of  -rj  and  ^  ^  were  derived  for  each  moisture  content 

by  the  method  described  in  detail  for  coarse  quartz.     These  values, 

J-.  and  T— J  are  assembled  in  Table  III  (p.  26),  together  with  the 

respective  moisture  contents  and  apparent  specific  volumes  as  deter- 
mined experimentally  for  each  of  the  experiments.  In  addition  to  the 
data  summarized  in  Table  III,  a  more  extended  series  of  experiments 
showing  the  dependence  of  apparent  specific  volume  upon  moisture 
content  is  given  for  fine  quartz  flour  in  Table  VI. 

The  heat  conductivity,  Ky  the  diffusivity,  k,  and  the  apparent 
specific  volume,  F,  are  each  plotted  in  figure  14  as  a  function  of  the 
moisture  content.  The  abscissas  are  per  cents  of  moisture  reckoned 
on  the  wet  weight  of  quartz,  and  the  ordinates  are  K^  Ic,  and  V  as 
shown  by  their  respective  scales  in  the  right  and  left  hand  margins 
of  figure  14. 

From  these  three  curves  it  appears  that  the  heat  conductivity 
rises  in  a  fairly  regular  manner  with  increase  in  moisture  content. 
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Table  VI. — Specific  volume  of  fine  quartz  flour  at  various  moisture  contents. 


Moisture 
content  on 
wet  weight. 

Spedflc 
volume. 

Moisture 
content  on 
wet  weight. 

Specific 
votume. 

PereefU. 

C,e, 

Percent, 

C.c 

0.0833 

1.130 

9.84 

a965 

.0R38 

1.151 

10.22 

1.110 

.300 

.927 

10.4 

.85R 

1.32 

.947 

10.83 

1.057 

2.97 

.985 

ia96 

1.0S7 

4.11 

1.093 

11.37 

1.072 

4.68 

1.089 

14.31 

1.080 

5.82 

1.021 

15.15 

.911 

6.48 

1.040 

16.42 

.972 

6.54 

.992 

17.78 

.  99s 

7.91 

1.136 

21.7 

.683 

8.02 

1.006 

22.68 

.527 

8.70 

1.028 

21.04 

.549 

8.80 

1.050 

The  influence  upon  the  heat  conductivity  of  the  change  in  appar- 
ent specific  volume  is  to  lower  the  heat  conductivity  as  the  quartz 
assumes  a  more  open  structure  in  the  neighborhood  of  the  optimum 
water  content  (9  to  12  per  cent  on  the  wet  weight).  This  relation 
is  obscured  by  the  difficulty  experienced  in  securing  uniform  packing 
at  each  moisture  content,  so  that  the  heat  conductivitv  and  diffu- 
sivity  shown  by  lines  which  pass  through  actual  experimental  points 
are  probably  not  so  truly  representative  of  the  normal  trend  of  the 
respective  curves  as  the  black-line  curves  dra\ni  through  the  average 
of  the  points.     It  must  be  remembered,  too,  that  error  in  the  deter- 

cPd 
mination  of  -j-^-  in  these  places  may  be  partly  the  cause  of  the  de- 
parture of  the  value  of  KovTc  from  the  average  curve.  The  appar- 
ent specific  volume  curve  shows  that  a  very  dry,  fine  powder  occu- 
pies a  greater  volume  than  when  very  slightly  moistened.  And  in 
this  case  the  greatest  volume  and  lowest  heat  conductivity  and 
diffusivity  are  shown  by  the  air-dried  quartz,  which  held  only  0.083 
per  cent  of  water  on  the  wet  weight. 

Comparing  the  coarse  quartz,  figure  13,  with  the  fine  quartz, 
figure  14,  it  is  evident  that  the  dry,  fine  quartz  conducts  heat 
much  more  poorly  than  the  dry,  coarse  quartz  in  the  ratio  of  about 
4  to  8.7,  and  the  diffusivities  are  as  1.44  for  fijie  quartz  to  1.65  for 
coarse  quartz.  At  higher  moisture  contents  this  relation  is  main- 
tained, the  coarse  quartz  increasing  more  rapidly  in  its  heat  con- 
ductivity as  water  is  added  than  does  the  fine  quartz.  But  as  the 
saturation  point  of  the  powders  for  water  is  approached  the  heat 
conductivity  of  the  fine  quartz  becomes  greater  than  that  of  the 
coarse  quartz  until  it  is  nearly  twice  its  value. 

The  apparent  specific  volume  of  the  coarse  quartz  lies  below  that 
of  the  fine  quartz  at  all  moisture  contents. 
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The  diffusivity  of  fine  quartz  shows  only  a  slight  tendency  to 
pass  through  a  maximum  as  moisture  increases,  whereas  in  the 
case  of  the  coarse  quartz  this  maximum  is  pronounced.  It  may 
be  that  with  a  greater  quantity  of  water  in  the  quartz  this  diffu- 
sivity will  be  less,  and 
thus  show  a  real  maxi- 
mum at  16  per  cent  of 
water,  where  now  it  is 
merely  indicated.  The  ^^^ 
last  diffusivity  meas- 
urement was  made 
using  quartz  flour  con- 
taining sufficient  water 
to  make  a  batter  which 
poured  very  easily,  so 
further  experiments 
have  to  meet  the  diffi- 
culty that  the  quartz 


J004 


I 


flour  will  settle  from  ^ 

suspension  during  the  ^.oo3 

measurements  of  heat  § 

conductivity  and  diffu-  :6 

sivity,   thus  masking  ^ 

the  true  values.  >» 


HUDSON   RIVER   BAND. 

The  heat  conductiv- 
ity and  diffusivity  of  a 
Hudson  River  sand* 
were  determined  in  the 
same  manner  as  for  the 
quartz  powders.     The 


I 


.001 


values  -jT  and    ,  . 


to- 


gether with  the  values 
of  the  apparent  specific 
volume  and  moisture 
content  are  assembled 
in  Table  III  (p.  27)  for 
four  different  moisture 


i^er  cent  cf  water  on  mtef  weight. 
Fio.  14.— Curves  for  fine  quartz  powder  similar  to  those  in  figure  13. 


contents,  and  in  this  same  table  are  given  the  calculated  heat  con- 
ductivity and  diffusivity.  A  mechanical  analysis  of  this  soil  is  shown 
in  Table  VII. 


«  Kindly  furnished  by  Brig.  Gen.  C.  W.  Ila3nnond,  U.  S.  A.,  retired,  New  York 
City. 
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Table  VII. — Mechanical  analysis  of  Hudson  River  sand. 


Diameter  of 
grain. 


Conventional  name. 


MiUimeten, 


2 
1 
0.5 

.25 

.1 


-1 

-0.5 
-.25 
-  .1 
-.05 


.05-  .005 
.005-  .0 


Fine  gravel... 
Ckiarsesand... 
Medium  sand . 

Fine  sand 

Very  fine  sand 

Silt 

Clay 


Figure  15  shows  graphically  the  variation  of  the  heat  conductivity, 
diffusivity,  and  apparent  specific  volume  as  the  moisture  content  of 
the  soil  increases.     All  the  curves  for  Hudson  River  sand  show  the 

same  general  form 
as  those  for  coarse 
quartz  in  figure  13. 
The  heat  conduc- 
tivity of  the  air-diy 
Hudson  River  sand 
is  less  than  that  of 
the  coarse  quartz 
and  greater  than 
that  of  the  fine 
quartz  flour.  The 
highest  value  of  the 
heat  conductivity 
shown  by  Hudson 
River  sand  (in  sat- 
urated condition)  is 
below  that  of  fine 
quartz  flour  and 
above  that  of  coarse 
quartz.  The  max- 
imum value  of  the 
diffusivity  is,  how- 
ever, practically  the 
same  for  each  of 
these  three  soils;  it 
comes  at  16  i>er  cent 
of  moisture  for  fine 
quartz;  at  about  15.5  per  cent  for  Hudson  River  sand;  and  at  about 
15.5  per  cent  for  coarse  quartz.  It  is  possible,  however,  that  this 
maximum  diffusivity  for  Hudson  River  sand  may  be  found  at  a  lower 
moisture  content  when  more  experimental  points  are  obtained;  the 
value  of  the  maximum,  too,  might  be  slightly  higher. 


Pm- 


FiQ.  13.— Curves  for  Hudson  River  sand  similar  to  those  in  figure  13. 
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PODUNK  FINE    SANDY   LOAM. 


The  mechanical  analysis  of  Podunk  fine  sandy  loam  is  given  in 

Table  VIII;  the  values  for  -^rr  and  j^  are  found  in  Table  III  (p.  26) 

which  also  contains  the  apparent  specific  volume,  moisture  content, 
heat  conductivity,  and  diffusivity.  These  values  are  obtained  as 
shown  above  for  coarse  quartz. 

Table  VIII. — Mechanical  analysU  of  Podunk  fine  mndy  loam  soil. 


Diameter  of 
grain. 


MUlimeten. 
2      -1 
1        -0.6 
0.6    -  .25 
.26-  .1 
.1    -  .05 
.05  -  .005 
.005-  .0 

Total.. 


Conventional  aame. 

Per  cent. 

Fine  gravel 

0.0 

noar^sHPd  .,. 

1.7 

Medium  sand 

Fine  sand 

3.0 

47.4 

38.6 

7.6 

1.8 

Very  fine  sand 

Silt. 

Clay 

.!      100.0    ! 


Figure  16  shows  the  variation  of  the  heat  conductivity,  diffusivity, 
and  apparent  specific  volume  with  increasing  moisture  content  for 
this  soil.  The  heat  conductivity  curve  here  is  very  regular,  and  like 
that  in  figure  14  for  fine  quartz  is  concave,  whereas  the  heat  con- 
ductivity curve  in  figure  13  for  coarse  quartz  is  markedly  convex  and 
that  for  Hudson  River  sand,  figure  15,  is  very  slightly  convex.  The 
regularity  of  both  the  heat  conductivity  and  diffusivity  curves  in 
figure  16  suggests  that  the  wide  departure  of  several  points  in  figures 
14  and  15  from  the  general  trend  of  their  respective  curves  is  due  to 
error.  It  is  seen  further  that  the  heat  conductivity  and  diffusivity 
of  the  air-dry  Podunk  soil  are  practically  the  same  as  those  of  the 
air-dry  coarse  quartz,  both  being  higher  than  for  the  air-dry  fine 
quartz  (fig.  14).  The  heat  conductivity  of  the  Podunk  soil  increases 
more  slowly  with  increasing  water  content  than  does  the  heat  con- 
ductivity of  fine  quartz  flour,  but  reaches  a  slightly  higher  final  value 
than  that  of  the  fine  quartz  when  both  soils  are  in  a  saturated  con- 
dition. The  diffusivitv  curve  for  Podunk  soil  is  similar  to  that  for 
fine  quartz. 

leonardtown  silt  loam. 

The  heat  conductivity  and  diffusivity  of  Leonardtown  silt  loam  at 

eight  different  moisture  contents  were  determined  in  the  same  manner 

dd  cPO 

as  for   the  preceding  soils.      The  values  of  -ji  and  j-^  are  given 


in  Table  III  (p.  27),  together  with  the  apparent  specific  volume, 
moisture  content,  heat  conductivity,  and  diffusivity.  The  mechanical 
analysis  of  the  soil  is  given  in  Table  IX. 
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Table  IX. — Mechanical  analysis  of  LeoTiardtown  tilt  loam. 


Diameter  of 
gialii. 


liUttmetert. 
2       >1 
1       -0.6 
0.6    -.25 

.25-.! 

.1    -.06 

.06-  .006  !  Silt 

.006-  .0     I  Clay 


Conventional  name. 


Fine  gravel 

Coarse  sand 

Medium  sand . , 

Fine  sand 

Very  fine  sand , 


J005 


.004 


V 


0 


MZ 


J90I 


Per  cent. 


1 
2 
3 

7 

n 

68 
16 


0  10  20 

Fio.  16.— Curves  for  Podunk  fine  sandy  loam  similar  to  those  in 

fl£;urel8. 


Figure  17  shows  the 
variation  of  the  heat 
conductivity,  diffusiv- 
ity,  and  apparent  spe- 
cific volume  with  in- 
crease in  moisture  con- 
tent. Air-drv  Leonard- 
town  soil  shows  about 
the  same  heat  conduc- 
tivity as  the  coarse 
quartz  (fig.  13),  Hudson 
River  sand  (fig.  15) ,  and 
Podunk  soil  (fig.  16). 
As  the  moisture  content 
increases  the  heat  con- 
ductivity of  the  Leon- 
ardtown  soil  rises  a  lit^ 
tie  faster  than  that  of 
the  Podunk  soil  or  that 
of  the  fine  quartz  flour 
(fig.  14). 

UVCK   BOIL. 

The  experimental  and 
calculated  values  used 
in  deriving  the  heat 
conductivity  and  diffu- 
sivity  of  a  muck  soil 
containing  25  per  cent 
of  organic  matter  are 
*  X  given  in  Table  III  (p. 
28),  the  experimental 
and  analytical  proced- 
ure being  the  same  as 
used  for  the  soils  al- 
readv  discussed. 


I 

1 

•'I 
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Figure  18  shows  graphically  the  Yariation  of  the  apparent  specific 
volume,  heat  conductivity,  and  diffusivity  of  this  muck  soil  with 
increase  in  moisture  con- 
tent.   The  absolute  val-  i— i    g 

ues  of  both  the  heat  con- 
ductivity and  diffusivity 
are  in  general  lower  than 
for  the  soils  already 
treated.  The  great  de- 
parture of  some  experi- 
mental values  shown  in 
this  figure  from  the  gen- 
eral trend  is  due  to  the 
difficulty  of  securing 
even  distribution  of 
moisture.  The  apparent 
specific  volume  curve  is 
fairly  regular,  and  where 
single  values  lie  off  the 

curve,  the  effect  of  this  departure  upon  the  heat  conductivity  would 
produce  neither  the  magnitude  of  effect  nor  the  direction  of  effect  actu- 
ally observed  in  the  heat  conductivity  and  diffusivity.     Consequently, 


Fio.  17.— Curves  for  Leonardtown  silt  loam  similar  to  those  in 

figure  13. 
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Fig.  18.— Curves  for  muck  soil  similar  to  those  in  figure  13. 

the  irregularity  in  these  last  is  probably  due  largely  to  uneven  distribu- 
tion of  moisture.    It  must  be  remembered,  too,  that  the  graphical  calcu- 
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lation  of  ^  may  well  produce  such  yariations.     The  pronounced 

concavity  of  the  heat  conductivity  curve  and  the  convexity  of  the 
diffusivity  curve  are  worthy  of  note.  This  question  will  be  taken  up 
under  the  general  discussion  of  the  results  obtained  in  this  investi- 
gation. 

HAGBBSTOWN  LOAM,  GALVESTON  CLAT,  AND  NO.  4  SAND. 

A  summary  of  the  experimental  and  derived  data  for  the  Hagers- 
town  loam,  Galveston  clay,  and  No.  4  sand  is  contained  in  Table  III 
(p.  28).  The  mechanical  analyses  of  the  two  soils  proper  are  given 
in  Table  X.  No.  4  sand  is  an  average  sample  of  the  fine  sand  from 
many  different  soils  of  the  United  States.  This  sample  was  obtained 
by  mixing  the  No.  4  fractions  of  soil  obtained  in  the  regular  routine 
mechanical  analysis  of  a  large  number  of  soils.  For  the  Hagerstown 
and  Galveston  clay  soils  one  heat  conductivity  determination  was 
made  in  an  air--dry  and  one  in  saturated  condition.  These  values 
compare  very  well  with  each  other  and  with  the  values  given  for  the 
soils  considered  above.  The  high  value  of  the  heat  conductivity  of 
the  dry  No.  4  sand  is  due  to  the  close  packing  of  its  particles,  evidenced 
by  its  low  apparent  specific  volume.  The  experimental  procedure  and 
calculations  were  the  same  for  these  three  soils  as  for  the  six  soils 
given  above. 

Table  X. — Mechanical  anafyitt  of  Hagentown  loam  and  GalveaUm  clay  toils. 


Diameter  of 
grain. 

Conventional 
name. 

Ha«rs- 
townioam. 

Galveston 
clay. 

MiUimeteri. 
2       -1 
1      -as 
as   -  .25 
.2S-  .1 
.1    -.06 
.05-  .006 
.005- .0 

Total 

Fine  gravel 

Coarse  sand 

Medium  sand 

Fine  sand 

Percent. 

a0 

3.0 

2.1 

6.S 

13.  g 

54.3 

19.1 

Percent. 
a7 
1.5 

7.0 
2&9 

aai 

31.0 

Verv  line  sand 

Silt 

Clay 

W.8 

9Ql6 
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Table  XI. — Furuhmental  data  for  deunmnation  of  heat  conductivity  and  diffunvity, 

[Name  of  soil:  Norfolk  sand.] 

ntOM  A 


RATE  OF  RIS1S  OF  TEMPERATURE  IN  SOIL  AT 

STEADY  SOURCE  OF  HEAT. 


5  cm.  from  hfMt 

10  cm.  fiomJtieat 

15  cm.  firom  beat 

2Dcm.ftmnbe8t 

25  cm.  from  beat 

30cm.tnmheat 

souice. 

souroe. 

aouroe. 

sotiroe. 

»un». 

sotme. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

min. 

see. 

•c. 

min. 

iec. 

•a 

min. 

tec. 

•a 

min. 

»ee. 

•c. 

mill. 

see. 

•a 

min. 

sec. 

•c. 

0 

0 

20.5 

0 

0 

20.3 

0 

0 

20.4 

0 

0 

20.5 

0 

0 

2a4 

0 

0 

20.4 

7 

0 

20.7 

12 

30 

20.4 

15 

30 

aa6 

21 

90 

».9 

22 

0 

2a7 

22 

90 

20.7 

12 

0 

20.9 

20 

30 

20.7 

26 

30 

21.0 

35 

0 

21.4 

31 

30 

21.0 

32 

0 

21.0 

15 

45 

21.2 

26 

30 

21.0 

38 

30 

21.7 

44 

15 

21.9 

39 

10 

21.2 

45 

0 

21.3 

23 

15 

22.3 

38 

0 

^21.8 

40 

30 

22.3 

62 

30 

22.2 

48 

10 

21.6 

53 

30 

21.8 

25 

45 

23.0 

47 

0 

22.5 

63 

0 

23.1 

67 

30 

23.0 

53 

0 

21.9 

60 

0 

22.0 

28 

10 

23.5 

67 

15 

23.6 

85 

45 

24.8 

86 

15 

24.0 

59 

30 

22.1 

87 

15 

22.8 

30 

0 

24.0 

66 

20 

24.7 

97 

30 

25.6 

95 

15 

24.5 

68 

0 

22.4 

96 

0 

23.0 

34 
37 

0 
30 

25.0 
26.0 

85 
93 

20 
15 

26.8 
27.8 

111 
124 

0 
30 

26.5 
27.5 

87 
98 

0 
30 

2a3 
23.8 

107 
119 

0 
10 

23.4 
23.8 

118 

30 

25.5 

40 

0 

26.0 

100 

15 

28.6 

141 

30 

28.5 

142 

0 

26.6 

112 

5 

24.2 

134 

15 

24.1 

43 

0 

27.7 

110 

45 

29.7 

173 

0 

30.1 

173 

15 

27.9 

125 

15 

24.8 

148 

45 

24.5 

46 

30 

2a7 

128 

30 

31.4 

193 

0 

31.2 

193 

30 

28.8 

143 

0 

25.3 

174 

0 

25.2 

48 

50 

29.4 

135 

<0 

32.0 

221 

30 

32.5 

222 

0 

29.8 

173 

40 

26.4 

2a'> 

0 

26.0 

54 

0 

30.9 

147 

30 

33.0 

240 

45 

33.4 

252 

30 

30.9 

184 

45 

26.8 

222 

45 

26.5 

57 

0 

31.7 

155 

0 

33.6 

267 

20 

34.4 

200 

15 

31.9 

211 

0 

27.6 

2<2 

0 

27.0 

62 

0 

33.1 

172 

30 

34.9 

290 

0 

35.0 

324 

40 

32.5 

241 

45 

2&5 

268 

30 

27,8 

66 

70 

85 

91 

96 

105 

113 

122 

140 

154 

172 

192 

208 

231 

251 

289 

324 

0 

0 

0 

0 

30 

20 

0 

15 

30 

30 

0 

0 

30 

0 

30 

0 

0 

34.0 
35.0 
38.3 
30.5 
40.4 
41.9 
43.0 
44.3 
46.3 
47.7 
49.2 
5a6 
51.6 
52.8 
53.5 
54.6 
55.1 

183 
203 
220 
2<0 
251 
289 
324 

15 
0 
30 
15 
<5 
15 
0 

35.6 
36.9 
37.8 
38.7 
30.2 
40.5 
41.2 

324 

30 

35.7 

253 
290 
312 
o25 

15 

<0 

0 

0 

28.8 
29.8 
30.0 
30.2 

312 
325 

30 

30 

28.3 
2&4 

1 

1 

1 

1 

Temperature  of  heat  source  100"-99*  C. 
Heat  applied  at  (/  (/'. 
Apparent  specific  volume  0.750. 
Moisture  content,  wet  weight,  0.1  per  cent. 

NORFOLK   BAND.      THERMOMETERS   PLACED   5  CENTIMETERS   APART. 

Table  XI  contains  the  experimental  observations  for  the  tempera- 
ture-time curves  of  air-dry  Norfolk  sand;  the  thermometers  being 


too 


fW 


190 

TVilM  ft*    «IMwi«« 

FiQ.  10.— Tempeniture>time  curves  for  air-dry  Norfoilc  sand. 

6  cm.  apart.  The  mechanical  analysis  of  this  soil  is  given  in  Table 
XII.  Figure  19  shows  the  basal  temperature-time  curve  for  the 
thermometers  placed  at  5,  10,  15,  20,  25,  and  30  cm.,  respectively. 
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from  ihe  heat  source  and  in  the  central  diameter  of  the  soil  box. 
Fi^re  20  gives  the  temperature-time  cunre  for  the  thermometer  at 
20  cm.  fv^pn  the  heat  source,  but  on  a  larger  scale  than  in  figure  19, 

in  order  to  determine  ^. .  which  is  found  to  be  0.0487^  C.  per  minute. 

This  rate  of  rise  begins  at  27  minutes  after  applying  the  soil  box  to 
the  heat  source,  consequently  a  cross  section  of  the  cunres  in  figure  19 

Jpe 


should  be  taken  at  this  time  in  order  to  find  the  Talue  of 


dx" 


But 


t 

« 

1 


ential 


This 


the  tempe^ture  gnulient  is  so  flat  at  this  distance  from  the  heat 

source  that    >  ,  the 

first  differential,  can 
not  be  measured  ac- 
curately with  ther- 
mometers reading 
only  to  0.1  **  C,  much 
less  a  second  differ- 

makes  clear  the  ne- 
cessity of  inserting 
thermometers  at 
short  distances  from 
each  other,  and  using 
a  steep  temperature 

fall,  if  the  value    ,  * 

is  to  be  obtained  even 
very  roughly.     As  a 
makeshift,  the  tem- 
perature gradient  at  50  minutes  was  taken  from  the  data  given  in 

Table  XI,  plotted   in  figure  21   and  a  value  of  j^  found   graph- 
ically as  0.0325°  C.     Using  the  formula 


10  OD  !•»  IM 

Fio.  20.— Teropenitur».tim«  carve  for  air-dry  Norfolk  sand.  No.  4  tber- 

mometer  plotted  to  lanper  scale. 


[^ao^-j^s-^ 


it  is  seen  that  /iL'=  0.00615,  since  T,  the  apparent  specific  volume  is 
0.750;    C=0.1848,  the  effective  specific  heat,  and  ^  =  0.0487°    C. 


di 


d}0 


per  minute.  This  value  of  ^  at  50  minutes  is  obtained  using  2.5 
cm.  as  the  value  of  Jx.  A  similar  gradient  taken  at  75  minutes  after 
the  soil  box  is  applied  to  the  heat  source  gives  a  value  for  t-^  of 
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0.0096°  C.     Now  the  rate  of  rise  of  thermometer  No.  4  at  75  mifitites 
is  the  same  as  at  50  minutes,  consequently  this  value  0.0096  for  -t-^ 

when  introduced  into  the  above  equation  gives  a  value  for  the  heat 
conductivity  over  three  times  greater  (X=  0.0211)  than  that  oStained 

using  the  ^  obtained  from  the  temperature  gradient  at  50  minutes. 

This  large  error  emphasizes  the  necessity  of  taking  the  temperature 
gradient,  and  the  rate  of  rise 
of  the  chosen  thermometer 
(No.  4  in  this  case)  at  the 
tiiae  when  the  rate  of  rise  of 
temperature  just  begins  to  be 
ci^stant.  When  this  is  done 
a  comparison  of  the  heat  con- 
ductivity values  shows  regu- 
larity which  otherwise  dis- 
appears. It  is  clear  from  the 
values  of  the  heat  conduc- 
tivity of  the  various  air-dry 
soils  given  above  that  both  I" 
of  these  values  just  given  *^  «^ 
(jK'=  0.00615  and  £:=0.0211) 
for  air-drv  Norfolk  sand  are 

VerV    much     too     hish.      The  ^'^*  ^^•~To°>P®ro<'^i^  gradients  tor  air-dry  Norfolk  sand 
"  ...  at  50  minutes  and  75  minutes. 

lower    values    given    m  the 

work  on  the  foregoing  nine  soils,  moreover,  are  remarkably  close  to 

those  obtained  by  other  investigators,  as  will  be  shown  farther  on. 

Table  XII. —  Mechanical  analysis  of  Norfolk  sand 


% 


<5 

% 


S 


c 

■«» 


10  16  to  25 

Dftono9  from  htai  9ouro€  CM 


Diameter  of 
grain. 


litUtmeters. 
2       -1 
1       -0.5 
0.5    -  .25 
.25-.! 
.1    -.05 
.05  -  .006 
.005-  .0 


ConvenUonal  name. 


Fine  gravel 

Coarse  sand . . . 
Medium  sand. 

Fine  sand 

Very  fine  sand 

Silt 

Clay 


Per  cent. 


0.2 
6.3 
22.2 
A3. 7 
4.1 
1.0 
1.8 
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HEAT  TRANSFERENCE   IN   SOILS. 


CARBOKUNOUM- 


-EPFBCT  OF  SIZE   OV  GRAIN    UPON   HEAT  CONDUCTIVITY   AND 

DIFFUSIVmr. 


Table  XUI  contains  the  values 


dd 


dPd 


7.  and  -T^  for  nine  different  grades 

of  carborundum  powder,  whose  respective  moisture  contents,  appar- 
ent specific  volumes,  average  diameter  of  grain,  and  effective  specific 
heats  are  given  under  appropriate  headings,  as  well  as  the  calculated 
values  of  the  heat  conductivity  and  diffusivity.  In  figure  22  the 
apparent  specific  volume,  heat  conductivity,  and  diffusivity  of  the 

carborundum  powders 
are  plotted  as  a  func- 
tion of  the  average 
diameter  of  the  grain 
of  each  powder.  Diam- 
eters are  taken  as 
abscissas;  and  as  ordi- 
nates,  the  heat  conduc- 
tivity (to  the  left),  the 
diffusivity  (to  the  right, 
above),  and  the  appar- 
ent specific  volume  (to 
the  right,  bfelow). 

The  curve  for  the 
apparent  specific  vol- 
ume shows  a  drop  as 
the  size  of  grain  in- 
creases. The  heat  con- 
ductivity and  diffusiv- 
ity curves  both  show 
the  effect  of  this,  as 
they  rise  steeply  to 
values  about  30  per 
A^mr^jSfam^^r^s^mMin  mm.  ccut  higher  than  thosc 

Fio.  22.— Curves  showing  the  effect  of  sise  of  grain  of  carbonin-  '^^  the  finest  grade  of 
dum  powder  upon  apparent  specific  volume,  heat  conductivity,  carborundu  m.  This 
and  diffusivity.  >    n  £  i  • 

influence  of  packing 
is  seen,  too,  in  the  powders  which  lie  between  0.1  and  0.2  mm. 
average  diameter  of  grain.  The  apparent  specific  volume  in  these 
two  cases  Ues  higher  than  might  be  expected  from  the  curve  drawn 
through  the  first  four  points,  and  we  should  accordingly  expect  the 
heat  conductivity  and  diffusivity  to  be  lowered  by  the  looser 
packing  of  powder  thus  indicated.  This  is  exactly  the  case,  and 
at  the  point  where  the  powder  has  a  grain  diameter  of  0,3  mm. 
it  is  seen  that  the  heat  conductivity  and  diffusivity  have  again 
risen,  while  the  apparent  specific  volume — as  it  should  be — is  lower 
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48  HEAT  TRA27SFEREXCE  IS  SOIUB. 

and  seems  to  have  reached  its  normal  value.  From  these  lesnlts 
it  is  seen  that  in  air-diy  condition  Xo.  50  carbomndum  powder  of 
average  grain  diameter  0.45  mm.  shows  the  maximum  heat  conduc- 
tivity and  diffusivity  and  the  minimum  apparent  specific  volume. 
The  effect  of  moisture  films  upon  the  carborundum  surfaces  is  of 
course  to  increase  the  heat  conductivity  and  diffusivity  by  securing 
better  contact  between  the  grains;  but  in  this  caae  the  Xo.  50 
carborundum  powder  showed  about  one^fourth  of  the  moisture 
content  given  by  the  other  coarse  grade  powder  Xo.  40,  and  30 
per  cent  less  than  Xo.  60  or  Xo.  90;  consequently  this  maximum 
shown  by  Xo.  50  powder  is  not  due  to  moisture. 

If  this  maximum  heat  conductivity  of  a  powder  having  grains 
0.45  mm.  in  diameter  be  applied  in  the  case  of  an  air-dry  soil,  one 
nuiy  expect  to  find  the  best  conduction  in  the  case  of  a  medium 
sand  whose  grains  are  officially  classified  as  ranging  between  0.5  and 
0.25  mm.  in  diameter. 

For  assistance  in  making  experimental  observations  and  calcula- 
tions, acknowledgments  are  due  to  Mr.  J.  M.  Jester. 

OXHBBAIi  DISCUSSION  OF  BBSUIiXS. 

The  transfer  of  heat  from  one  soU  particle  to  another  is  influenced 
by  the  fluid  filling  the  space  between  them,  and  of  course  this 
transfer  is  more  easily  effected  when  the  fluid  is  a  good  conductor 
of  heat.  In  addition  to  the  heat  conductivity  of  the  fluid,  another 
factor  has  to  be  considered;  that  is,  the  resistance  to  the  heat 
transfer  which  is  found  at  the  boundary  between  the  substances  in 
contact.  This  "transfer  resistance,"  or  its  reciprocal,  "transfer 
conductivity,"  is  of  sufficient  nmgnitude  to  enter  into  thermal 
calculations. 

If  the  fluid  be  in  motion,  there  will  be  developed  a  resistance  to 
the  transfer  of  heat  which  has  been  shown  to  vary  approximately 
with  the  square  root  of  the  velocity  of  the  fluid.  The  transfer 
conductivity  for  the  fluids  air  and  water  may  be  roughly  compared 
as  follows: 

When  heat  passes  from  metal  to  air,  the  transfer  conductivity  is 
given  by  the  equation, 

^=  0.000,028(2 +  <^t;), 

where  v  is  the  velocity  with  which  the  air  passes  the  surface  of  the 
metal. 

For  the  passage  of  heat  from  water  to  metal,  this  transfer  resist- 
ance is  much  less,  as  shown  by  the  greater  transfer  conductivity, 

K=  0.000,028(  300  + 180-^) . 

Assuming  v=l  cm.  per  second  in  each  case,  K  for  air  to  metal 
is  0.000,084;  while  for  water  to  metal  K  is  0.01344;  that  is,  the 
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heat  passes  from  water  to  metal  about  sixteen  hundred  times  more 
readily  than  from  air  to  metal,  at  this  imit  velocity  of  1  cm.  per 
second. 

For  a  soil:  Assume  (1)  that  the  velocity  of  soil  atmosphere  in  a  dry 
soil  is  very  nearly  zero;  and  (2)  that  the  velocity  of  soil  water  in  a  wet 
soil  be  nearly  zero;  and  (3)  that  the  transfer  conductivity  of  soil  ma- 
terial to  gas  and  to  water  has  the  same  ratio  as  that  which  holds  for  the 
transfer  conductivity  of  a  metal  to  gas  and  to  water," 

Then  the  above  equations  indicate  that  heat  will  pass  from  a  soil 
grain  to  soil  water  one  hundred  and  fifty  times  easier  than  from  a  soil 
grain  to  soil  atmosphere.  This  comparison  seems  to  point  out  one 
reason  why  an  air-dry  soil  shows  such  a  low  heat  conductivity.  The 
rapid  circulation  of  soil  atmosphere  as  eddy  currents  within  the 
minute  spaces  between  the  soil  grains  would,  however,  decrease  very 
greatly  the  transfer  resistance.  Such  eddy  currents  are  inevitably 
set  up  as  the  hot-soil  atmosphere  on  one  side  of  a  soil  cavity  expands 
and  moves  up  and  is  replaced  by  the  colder  gases. 

Consider  the  air-dry  soils:  It  is  seen  in  Table  XIV  that  where  the 
apparent  specific  volume  (the  packing)  is  about  the  same  the  heat  con- 
ductivities are  very  nearly  the  same.  Fine  quartz  flour  shows  about 
one-half  the  conductivity  of  the  other  air-dry  soils,  but  this  is  due  in 
part  to  its  high  apparent  specific  volume.  Comparing  the  moisture 
film  expressed  as  grams  water  per  square  centimeter  of  soil  grain  area, 
it  is  seen  that  the  coarse  quartz  has  a  film  of  water  some  nine  time^ 
heavier  than  that  on  the  grains  of  the  fine  quartz  flour,  and  from  this 
one  would  expect  better  contact  between  the  grains  of  coarse  quartz 
and  better  heat  transfer,  as  is  the  case.  This  good  contact  between 
soil  grains  may  also  be  secured  by  the  smaller  sizes  of  grains  wedging 
into  the  spaces  between  the  larger  sizes.  Thus,  Leonardtown  silt 
loam  shows  a  higher  heat  conductivity  than  Podunk  fine  sandy  loam, 
although  the  moisture  film  per  square  centimeter  on  the  Podunk  soil 
grains  is  heavier  thaa  that  on  the  Leonardtown  soil  grains.  The 
Leonardtown  soil  contains  more  clay  and  silt,  and  these  assist  in  se- 
curing the  transfer  of  heat  through  the  soil. 

a  See  Preston.  ^'Theory  of  Heat/' 
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These  values  for  the  area  of  each  aoil  per  gram  as  shown  in  TaUe 
XrV  are,  of  course,  very  rough.  Thej  were  calculated  from  the  me- 
chanical analyses  given  above  for  each  soil,  assuming  the  aoil  grains 
to  be  spheres.  Still  these  rough  values,  when  used  with  the  moisture 
contents,  serve  to  give  a  pictiu«  of  the  probable  dimensions  of  the 
film  of  water  surrounding  the  »>il  grains  and  making  contact  be- 
tween them,  and  thus  afford  a  better  idea  of  the  relation  of  soil  mois- 
ture to  heat  conductivity. 

For  the  muck  soil  no  mechanical  analysis  was  made,  since  it  would 
be  meaningless.  The  area  per  gram  was  taken  as  a  very  rough 
approximation  by  comparing  the  heat  given  out  on  wetting  this  s«>il 
with  the  heat  evolved  by  other  soils,  whose  mechanical  analysis  is 
available,  as  shown  in  Table  IV.  It  is  interesting  to  note  that  using 
this  extremely  crude  method  of  comparison  the  moisture  film  upon 
the  muck  soil  appears  to  be  of  the  same  order  of  magnitude  as  the 
films  on  the  other  soils. 

The  heat  conductivity  of  water  as  given  by  Lees"  is  0.00149  (met- 
ric) for  K.  Consequently  the  heat  conductivity  of  soil  and  water 
mixtures  eventually  must  approach  this  value  as  the  percentage  of 
soil  in  the  water  decreases.  The  increase  in  heat  conductivity  of  s 
soil  produced  by  wetting  it  is  then  entirely  due  to  the  better  contact 
between  the  soil  grains  thus  produced,  since  the  soil  material  has  in 
continuous  massive  condition  a  much  higher  heat  conductivity  than 
water. 

When  the  heat  conductivity  of  soil  increases  (on  wetting)  as  a 
nearly  linear  function  of  the  moisture  present,  it  means  that  the  good 
contact  secured  between  the  soil  grains  by  the  soil  moisture  has  sd 
effect  enough  greater  than  linear  to  make  up  the  decrease  in  heat 
conductivity  which  is  produce<l  by  the  addition  of  water — a  sub- 

o  Fbil.  Mag.  (5),  4»,  289  (1000). 
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stance  whose  heat  conductivity  is  approximately  one-seventh  **  that 
of  the  soil  material  when  compacted  into  rock.  Thus,  coarse  quartz 
ptwwkx  when  sctvnted  ^rkh  m  iter  (^  ipter  «flBt  on  the  wet  weight) 
shows  a  lower  heat  conductivity  than  finer-grained  soils  at  the  same 
moisture  content,  since  a  larger  fraction  of  the  water  is  held  by  the 
coarse  quartz  in  larger  intergrain  cavities  where  the  heat  conduc- 
tivity of  water  is  a  greater  factor  in  the  heat  transfer  than  the  func- 
tion of  the  water  in  securing  contact  between  the  quartz  grains. 

The  difFusivity  curve  for  coarse  quartz  goes  through  a  maximum 
at  5.5  per  cent  of  moisture,  whereas  the  maximum  apparent  specific 
volume  of  coarse  quartz  comes  at  a  lower  moisture  content — about 
3  per  cent — as  shown  in  figure  13.  This  same  lack  of  agreement 
between  optimum  water  content  and  maximum  diffusivity  is  seen 
in  figure  14  for  the  fine  quartz  flour,  which  has  a  maximum  apparent 
specific  volume  at  about  11  percent  of  moisture  and  a  maximum  dif- 
fusivity at  16  per  cent  of  moisture  (calculated  on  the  wet  weight). 
Inspection  of  figures  15,  16,  17,  and  18  shows  that  this  is  a  general 
characteristic  of  widely  differing  soil  types;  i.  e.,  the  optimum  water 
content  of  each  soil  studied  lies  below  the  percentage  of  water  which 
gives  to  the  soil  its  highest  diffusivity. 

The  reason  for  this  is  that  at  the  optimum  water  content  we  have 
the  soil  grains  formed  into  larger  aggregates  and  the  spaces  between 
these  aggregates  act  as  an  air  insulation  against  the  passage  of  heat. 
As  more  water  is  added  some  of  these  soil  grain  aggregates  break 
up  and  their  constitutent  grains  now  serve  to  fill  in  the  spaces  be- 
tween the  larger  aggregates,  and  the  added  water  gives  still  better 
contact  between  the  soil  crumbs  and  the  small  grains.  Thus  the 
total  effect  is  a  better  conduction  of  heat  and  a  faster  rise  of  tem- 
perature. But  when  water  is  added  to  the  soil  over  a  certain  per- 
centage (which  is  different  for  each  soil)  the  temperature  of  the  soil 
will  rise  more  slowly,  although  heat  is  being  conducted  by  the  soil 
better  than  at  a  lower  moisture  content.  This  effect  is  produced  by 
the  high  heat  capacity  of  water,  which  is  almost  five  times  that  of  a 
dry  soil. 

For  purposes  of  comparison  and  for  convenient  reference  the  heat 
conductivities  of  water^  ice,  rocks,  and  soils,  together  with  the 
sources  of  the  data  and  names  of  the  experimenters,  are  given  in 
Table  XV.''    The  conductivities  headed  ''Eng.  K"  are  the  values  of 

K  to  be  used  in  the  formula  q  = ,  where  q  is  the  heat,  in  British 

thermal  units,  which  will  pass  between  the  bases  of  a  right  prism 

a  For  sandstone,  A''=0. 01066,  according  to  Forbes  fci  Tait  on  Heat. 

b  This  set  of  conductivities  was  kindly  furnished  us  by  Mr.  S.  H.  Woodard,  resi- 
dent engineer  of  the  East  River  Division,  Pennsylvania  Tunnel  and  Terminal  Railroad 
Company. 
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'^a"  square  feet  in  area,  x  feet  apart  and  at  a  difference  of  i  degrees 
Fahrenheit  in  one  liour.  The  conductivities  headed  ''Metric  K"  are 
the  values  to  be  used  for  '^  f  in  the  same  formula  when  all  factors 
are  in  tHb  C.  O.  S.  units,  and  q  then  represents  calories  in  one  second; 
a,  area  in  square  centimeters;  t  the  temperature  difference  in  degrees 
centigrade ;  and  x  the  distance,  between  the  bases  of  the  prism  of  ref- 
erence, in  centimeters. 

T ABLB  XV . — Ueat  condvjctxmties. 


MaU^rlal. 


EnK.  A'. 


Water 0.33867 

Do 360M 

Do 35803 

Do 32809 

Do .32800 

Do '      .48381 

loe 1.3780 

Do A3045 


Do. 
Saiid... 
Do. 
Do. 
Do. 


.65688 

.17001 

.68806 

I      .68370 

63137 

Sandysoil |  «.660 

Sandyloom '  3.28002 


Onenwich      Park 
gravel  (damp). 

Sandstone 

Do 

Sandstone  and  hard 

dry  grit. 
Craifdeith    Quarrv 
sandstone  (damp}. 
Limestone: 

Fine-grained 

Coarse-grained . . . 
Porphyritic  trachyte. 

Trap: 

Density— 2.00 

Density— 2.82 

Whinstone  trap  rook. 

Calton    Hill    trap 
(damp). 

Amygdaloid: 

Density— 2.67 

Density— 2.71 

(Conglomerate: 

Density =2.55 

Density— 2.64 

Tough  dry  clay 

Devonshire  clay  slate. 

Serpentine 

Cornish  red  serpen- 
tine. 

Caen  stone.  L 


Chalk. 


Marble 

Marble,  fine  grained, 
gray. 

Marble,  coarse  grain- 
ed, white. 

Marble 


Marble,  fine  grained. . 
Marble.coarse  grained 
Carrara  white  marble . 

a  Given. 


3.02382 

2.58356 
a  2. 58 
1.33048 

2.58830 


1.2228 
.87352 
1.4246 
1.0030' 
1.00802 

.74001 
.87066 
.67733 

to 
1. 16115 
1.01600 


.84667 
.82248 

1.13605 
1.25701 
.53219 
.65315 
1.42724 
1.06438 


Metric  A'. 


0.00140 
.00140 
.00148 
.00136 
.00136 
.0020 
.0057 
.00223 

.0023 

.000740 

.0026 

.00282 

.00261 

.00271 

.0136 

.0125 

.01068 
.01066 
.0065 

.0107 


.006065 

.003611 

.00589 

.00415 

.004167 

.0031 
.0036 
.0028 

to 
.0048 
.0042 


.0035 
.0034 

.0047 
.0052 
.0022 
.0027 
.0059 
.0044 


Reference. 


Philos.  Mag.,  vol.  40 

do 

do 

Royal  Soc.  London,  vol.  191 

Barker's  Physics 

Olasebrook's  Heat 

Barker's  Physics 

Science  Lectures  at  So.  Kensington, 

vol.  II,  p.  25. 

do 

Royal  Soc.  London,  V.  65,  p.  285 

Qlaiebrook's  Heat 

Science  Lect.  at  So.  Kensington 

Carpenter's  Heating  and  Ventilation.. 

Tait  on  Heat 

Am.  Acad.  Arts  and  Sci.,  vol.  38,  No. 

23,  May,  1903. 
do 


Experimenter. 


Sci.  Lect.  So.  Kensington 

Tait  on  Heat 

Am.  Acad.  Arts  and  Sci.  vol.  38,  No.  23. 


do 


Chas.  H.  Lees. 

Do. 

I         Do. 

Do. 

I  Weber. 

Forbes. 

Neumann. 

Forbes. 

Locien  de  la  Rive. 
Lamb  and  Wilaon. 
Forbes. 
Do. 


Neumann. 

Everett. 

Forbes. 
Do. 
Herachel,   Leboor, 

and  Dunn.fr 
Kelvin. 


Reck 

do 

Carpenter's  Heating  and  Ventilation.. 

Sci.  Lect.  So.  Kensington 

(Carpenter's  Heating  and  Ventilation.. 

Amer.  Acad.,  vol.  38,  No.  23,  May.  1903. 
do 


do. 
.do. 


.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


1.04019 

.0043 

.48381 

.0020 

to 

to 

.79828 

.0033 

1.71753 

.00710 

2.3385 

.009667 

1.86751 

.00772 

1.52401 

.0063 

1.60334 

«.007^ 

l.aX48 

.0055 

1.23372 

.0051 

Am.  Acad.,  vol.  38,  No.  23,  May,  1903. 
h do 


Philos.  Mag^.,  vol.  40. 
Reck 


do. 


Wiedemann's  Annalen,  bd.  14,  1881, 
p.  23. 

Amer.  Acad , 

do 

Vol.  38,  No.  23 


^eck)t. 
...     Do, 
Do. 
Forbes. 


B.  O.  Pierce, 
Do. 

H.  L.  and  D.b 

Kelvin. 


B.  O.  Pieroe. 

Do. 

Do. 

Do. 
H.  L.  and  D.» 

Do. 
Neumann. 
H.  L.  and  D.fr 

Do. 

Do. 

Chas.  H.  LeesL 
Peclet. 

Do. 

C.  (Christiansen. 

Pelire  and  Wflban. 
Do. 
Do. 


b  For  British  Association. 


c  Average  of  fifteen  experiments. 
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Table  XV. — Heat  condwciivities — Continued. 


Material. 


Amorlcan  and  Italian 
colored  marbles. 

Sugar-white  marble.. 
Marble,  fine  grained, 
gray. 

English  marbles  and 
limestones. 

Granite 

Olass 

Do 

Do 

Do 

Do 

Glass,  English  plate.. 

Glass,  American  plate 


Eng.  K. 


I 


! 


1.49082 

to 
1.83848 
1.86267 
2.34648 

1.1370 

to 
1.35467 
1.28210 
.67008 
.55101 
.50389 
.120953 
.50267 
.55638 
.62895 

to 
.67733 


Metric  if. 


Reference. 


0.0062 

to 

.0076 

.0077 

.0097 

.0047 

to 
.0056 
.0053 
.00277 
.002278 
.002082 
.0005 
.00245 
.0023 
.0026 

to 
.0028 


llvol.  38, 


No.  23. 


do. 
do. 


..do. 


Amer.  Acad.,  vol.  38,  No.  23 

Am.  Acad.  Arts  and  Scl 

Carpenter's  Heating  and  Ventilation. 

Reck 

Glazebrook's  Heat 

Royal  Soc.,  London 

Am.  Acad.,  vol.  38,  No.  23 


.do. 


Expectaaenter. 


Feiroeand  Willson. 

Desprete. 
Do. 

M.  L.  and  D.a 

Do. 
Peirce  and  Wlllaon. 
Peclet. 

Do. 
Forties. 

Chas.  H.  Lees. 
H.  L.  and  D.a 

Peirce  and  WiUson. 


a  For  British  Association. 


Likewise  the  results  of  Hutton  and  Beard**  are  given  in  Table  XVI, 
the  heat  conductivities  being  calculated  in  the  metric  system,  and  thus 
corresponding  to  the  values  given  in  Table  XV  under  the  heading 
'^Metric  K" 

Table  XVII  contains  a  similar  set  of  data  taken  from  J.  W.  Richards' 
Metallurgical  Calculations.''  Here,  too,  the  conductivities  are  given 
in  the  metric  units. 


Table  XVI. — Heat  condtLctivities. 
[Results  of  Hutton  and  Beard.] 


Material. 


Sand,  white  Calais. . . 

Carborundum,  fine. . . 

coarse. 

Quarts,  "enamel " . . . 

fused 

Flrebriclc 

Retort  graphite 


Metric  K. 


0.00060 
.00050 
.00051 
.00086 
.00089 
.00028 
.00040 


Material. 


Lime 

Magnesia,  fused 

"Mabor"  brick 

calcined  Greek 

calcined  "Veitsch" 

Pattinson's  light  calcined. 
Kleselguhr  (infusorial  earth) 


Metric  K. 


a00029 
.00047 
.00060 
.00046 
.00034 
.00016 
.00013 


(\Electrochem.  and  Met.  Ind.,  8,  201  (1905).  t>  Electrochem.  and  Met.  Ind.,  4, 102  (1906). 
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Table  XVII. — Heat  conductiiHties. 
[From  J.  W.  RichaRla'  Mfltolloigicsl  GBlculatioas.] 


Matarisl. 


loe  (datum  uaefkil  in  nfricsratlnc 
I'lants,  where  pipes  become  ooetetl 
with  loe,  as  in  Clayley's  method  of 
drying  blast) 

Snow 

Glass  (lOMS^) 

Water 

Quarts  sand  (18*-fl8») 

Carborundum  sand  (18*^98*) 

Silicale  enamel  (20*-08*).  (Explains 
the  small  oonductance  of  enameled 
iron  ware) 

Fire-brick  dust  (20'-98*) 

Retort  graphite  dust  (20*-100*).  (Da- 
tum useful  where  articles  are  packed 
in  this  poorly  conducting  material). 

Lime  (20*~O8').  (Datum  would  Iw 
highly  useful  for  ozyhydrogen  plati- 

•  numfumaoes,  if  it  iirere  only  known 
at  high  temperatures) 

Magnesia  brick,  dust  (20*-100*) 

Magnesia  cakslned,  Grecian,  granular 
(2(r-100') 

Magnesia  cakslned*  Styiian,  granular 
(^•-lOO*) 

Magnesia  cakslned,  Ught,  porous  (20*- 
!(»•) 

Infusorial  earth  (Kieselguhr  (17*-08*). 


Metric  JT. 


aoosoo 

.00050 
.00150 
.00120 
.00060 
.00060 


.00040 
.00028 


.00040 


.00020 
.00050 

.00045 

.00084 

.OOOIG 
.00013 


InAisorial  earth  (e*-«SB*) 

Clinker,  In  small  grains  (0*-700* ) 

Coarse  ordinary  brick  dust  (0*-lQO*). 

Chalk  (OMOO*) 

Wood  ashes  (OMOO") 

Powdered  charcoal  (O'-lOO*) 

Powdered  coke  (©•-lOO*) 

Gas  retort  carbon,  solid  (©•-lOO*) 

Cement  (0»-700") 

Alumina  bricks  (0*-700*) 

Magnesia  bricks  (0*-l  ,300*) 

Fire  bricks  (OM,300*) 

Fire  bricks  (0*-600*) 

Marbk),  white  (0*) 

Pumice 

Plaster  of  Paris 

Felt 


Paper 

Cotton.... 

Wool 

Slate 

Lava 

Pumice... 

Cork 

IMne  wood , 
Oak  wood. 
Rubber... 


aoooas 

.00110 

.00009 

.00088 

.00017 

.00022 

.00044 

.01477 

.00017 

.00204 

.00620 

.00810 

.00140 

.0017 

.0006 

.0013 

.0000^7 

.00040 

.OOQOIO 

.000035 

.00081 

.00008 

.OOOfiO 

.00072 

.00047 

.00060 

.00047 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Soils, 
Washington^  D.  C.^  May  19^  1909. 

Sir:  I  have  the  honor  to  transmit  a  manuscript  entitled  "A  Pre- 
liminary Report  on  the  Volusia  Soils,  their  Problems  and  Manage- 
ment," by  M.  Earl  Carr,  of  this  Bureau.  This  report  is  based  upon 
the  information  gained  in  soil  surveys  situated  in  different  parts  of 
the  wide  region  occupied  by  the  important  Volusia  series  of  soils, 
augmented  by  special  study  of  the  soil  conditions  in  parts  of  the 
region  where  soil  surveys  have  not  yet  been  undertaken.  The  Volusia 
series  of  soils  occupies  a  belt  of  country  in  southern  New  York,  north- 
ern Pennsylvania,  and  northeastern  Ohio,  covering  an  area  of  over 
10,000,000  acres.  For  twenty-five  years  the  general  tendency  in 
prices  of  farms  in  this  region  has  been  downward  and  in  some 
localities  actual  agricultural  abandonment  of  the  land  has  resulted. 
The  soil  conditions  affecting  this  economic  problem  are  discussed  in 
this  report  and  the  facts  set  forth  therein  should  result  in  the 
removal  of  the  impression  that  these  soils  are  "  worn  out "  or 
inherently  incapable  of  profitable  crop  production.  The  report 
should  lead  to  a  restoration  of  confidence  concerning  the  capabilities 
of  these  soils,  and  if  an  increase  in  agricultural  value  of  $1  an  acre 
caa  thus  be  brought  about  the  sum  of  over  $10,000,000  will  be 
involved.  The  report  discusses  fully  the  characteristics  of  these 
soils  and  their  capabilities,  treating  briefly  the  general  soil  problems 
encountered  and  their  bearing  upon  the  economic  problems  of  the 
region. 

I  recommend  the  publication  of  this  report  as  Bulletin  No.  60  of 
the  Bureau  of  Soils. 

Very  respectfully,  Milton  Whitney, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  PRELIMINARY  REPORT  OK  THE  YOLUSIA  SOILS, 
THEIR  PROBLEMS  AND  MANAGEMENT. 


INTRODUCTION. 


The  Volusia  «  series  of  soils  occurs  in  a  more  or  less  extended  belt, 
covering  the  glaciated  portion  of  the  Allegheny  Plateau  in  north- 
eastern   Ohio,   northwestern   and   northeastern   Pennsylvania,   and 


Fig.  1. — Sketch  map  showing  the  region  occupied  by  Volusia  soils  In  Ohio,  Pennsylvania, 

and  New  York. 

southern  and  south-central  New  York.  These  soils  cover  an  approxi- 
mate area  of  from  15,000  to  20,000  square  miles,  or  something  over 
10,000,000  acres*    They  are  the  hill  soils  of  the  region,  always  being 

« The  soil  series  name  "  Volusia,"  adopted  to  identify  this  group  of  soils,  is 
that  of  a  small  village  in  Chautauqua  County,  N.  Y.,  where  they  were  first 
encountered  and  mapped  in  1901. 
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found  at  relatively  high  altitudes,  while  the  narrow  valleys  occurring 
within  the  same  general  region  are  occupied  by  other  soils  and  soil 
series,  differing  in  origin,  method  of  formation,  structure,  coloration, 
and  other  properties. 

The  acreage  of  each  type  of  soil  in  the  Volusia  series  mapped  to 
January  1,  1909,  in  New  York,  Pennsylvania,  and  Ohio,  and  the 
total  area  for  all  three  States  are  as  follows: 

Area  of  Volusia  soils  mapped  to  January  U  1909. 


state  and  kind  of  mrvey. 


Type  of  soil. 


Pennsylvania,  reconnoissance  survey,  all  types 
Ohio,  detailed  surveys 


New  York,  detailed  surveys. 


Total,  detailed  surveys. 
Total,  all  surveys 


/Loam 

Silt  loam 

^Stony  loam 

Gravelly  loam 

Loam 

Silt  loam 

Clay  loam 


Area  of 
individu- 
al type. 


Arret. 


173,440 

78,464 

12,352 

18,760 

329,954 

500,082 

5.952 


Total  ueei. 


A.CTf9, 

1,840,000 


} 


251.904 


862.060 


1,113,954 


2,953.954 


The  area  mapped  comprises  4,615J  square  miles,  or  about  25  per 
cent  of  the  estimated  area  of  the  series. 


DESCRIPTION    OF   SOILS. 

The  Volusia  soils  are  derived  through  feeble  glaciation  from  shales 
and  sandstones  of  Devonian  and  Upper  Carboniferous  ages.  While 
the  soil-forming  material  is  primarily  made  up  of  material  from 
these  country  rocks  moved  only  a  comparatively  short  distance,  there 
is  usually  a  small  percentage  of  glacial  material  foreign  to  the  im- 
mediate locality.  In  many  places  residual  decay  of  the  underlying 
rock  has  added  largely  to  the  material  forming  these  soils,  particu- 
larly in  the  case  of  the  silt  loam  type.  The  underlying  shales  and 
sandstones  are  almost  always  comparatively  near  the  surface.  In 
fact,  the  glacial  material  is  often  so  shallow  that  the  bed  rock  is 
found  within  a  3-foot  section,  and  it  outcrops  in  not  a  few  instance<. 
A\Tiile  these  Volusia  soils  are  generally  shallow,  the  soils  occurring 
in  the  valleys  are  much  deeper,  the  underlying  rock  often  being 
several  hundred  feet  beneath  the  surface. 

The  soils  of  the  Volusia  series  are  light  colored — ^grays,  light  yel- 
lows, and  light  browns  predominating.  Where  the  soil  is  in  poor 
condition  the  lighter  colors  are  very  much  in  evidence,  there  is  a  lack 
of  drainage,  a  deficiency  of  organic  matter,  poor  herbage,  and  a  gen- 
erally inert,  lifeless  appearance.  Where  the  better  soil  conditions 
obtain  the  colors  are  darker  and  warmer,  a  larger  content  of  organic 
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matter  is  present,  the  drainage  conditions  are  better,  better  herbage 
prevails,  and  the  soil  is  marked  by  a  more  healthy,  lively  appearance, 
all  of  which  are  reflected  in  larger  and  better  crop  yields.  In  con- 
trast with  the  soils  of  the  Volusia  series  the  valley  soils  are  character- 
ized by  darker  colors — browns  and  dark  grays  to  black  being  much 
more  frequent.  Natural  drainage  conditions  are  better,  the  organic 
matter  content  higher,  and  a  far  better  quality  and  quantity  of  herb- 
age is  supported.  The  influences  of  all  these  differences  in  favor  of 
the  valley  soils  are  shown  by  differences  in  the  soil  problems,  by  a 
wider  range  in  adaptation  to  crops,  by  different  types  of  farm  indus- 
try, by  better  crop  producing  power,  and  finally,  by  a  higher  market 
value  of  the  valley  lands. 

The  Volusia  silt  loam  is  the  most  extensive  type  of  the  series  so 
far  encountered,  making  up  about  50  per  cent  of  the  area  covered 
by  detailed  surveys.  The  surface  soil  of  this  type  consists  of  a  gray, 
light-brown,  or  pale-yellow  silt  loam  with  a  depth  of  some  8  or  9 
inches.  The  subsoil  is  a  gray  or  yellowish  compact  silt  loam.  Both 
soil  and  subsoil  contain  a  varying  but  usually  high  percentage  of  flat 
shale  and  sandstone  fragments.  The  physiographic  features  of  this 
type  of  soil  are  characteristic.  It  always  occurs  on  the  hills  and  at 
comparatively  high  altitudes.  Preglacial  erosion  has  developed  a 
varied  topography  and  favored  the  development  of  an  excellent  sys- 
tem of  surface  drainage.  On  account  of  the  hilly  topography  there 
is  a  considerable  percentage  of  waste  land. 

The  Volusia  loam  is  the  most  important  agricultural  soil  of  the 
Volusia  series.  It  consists  of  a  surface  loam  8  to  10  inches  in  depth, 
having  a  dark-gray  to  light-brown  color  and  a  subsoil  of  gray  to 
mottled  compact  loam,  composed  of  glacial  till.  Both  soil  and  sub- 
soil of  this  type  are  more  or  less  filled  with  stone  fragments,  the 
sandstone  and  foreign  rock  material  being  somewhat  greater  than  in 
the  silt  loam  type. 

This  type  like  the  silt  loam  has  a  hilly  topography,  though  lying 
usually  at  slightly  lower  altitudes,  and  the  natural  surface  drainage 
is  the  same.  It,  however,  has  generally  a  somewhat  less  broken 
topography,  and  waste  land  on  this  account  forms  a  smaller  propor- 
tion of  its  area. 

The  Volusia  gravelly  loam  has  a  more  limited  area  than  the  soils 
just  described,  but  is  the  lightest,  warmest,  and  earliest  soil  of  the 
series.  It  is  a  gravelly  loam  extending  usually  to  depths  greater  than 
3  feet,  the  surface  soil  being  as  a  rule  light-brown  in  color,  and  the 
gravel  content  for  the  most  part  rounded  and  waterworn.  The 
topography  is  often  quite  broken  and  rough,  owung  in  part  to  the 
processes  by  which  it  was  formed  and  in  part  to  erosion  subsequent  to 
its  deposition. 

87957— BuU.  60—09 2 
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The  Volusia  stony  loam  is  of  small  extent,  so  far  having  been 
mapped  only  in  one  area,  Tompkins  County,  N.  Y.  The  soil  consists 
of  a  heavy  dark-brown  loam  containing  a  large  quantity  of  flat  shale 
and  also  a  considerable  proportion  of  rounded  stones  and  cobbles. 
The  subsoil  to  a  depth  of  3  feet  is  a  light  loam,  sometimes  containing 
large  quantities  of  stone  and  gravel.  This  soil  type  as  so  far  encoun- 
tered has  a  rolling  topography  particularly  favorable  for  agricultural 
occupation,  with  a  minimum  percentage  of  waste  hilly  land. 

The  Vohisia  clay  loam  is  also  of  very  limited  extent,  not  having 
been  encountered  outside  of  Tompkins  County,  N.  Y.  It  has  a  sur- 
face soil  6  to  8  inches  in  depth,  of  dark -yellow  to  brown  heavy  loam 
or  clay  loam,  underlain  by  a  subsoil  of  pale-yellow  or  drab  clay  loam. 
This  type  is  rolling  rather  than  hilly  and  the  surface  conditions  are 
quite  favorable  for  agriculture. 

AGRICULTITRAL    CONDITIONS. 

The  agricultural  conditions  prevailing  over  areas  of  the  Volusia 
soils  are  not  at  the  present  time  all  that  can  be  desired  and  certainly 
not  all  that  is  warranted  by  the  inherent  capabilities  of  the  soil. 
This  is  particularly  true  of  the  silt  loam  and  to  a  less  degree  of  the 
loam  and  the  other  types  of  the  series.  There  are  soil  conditions  and 
soil  problems  which  make  the  agriculture  of  some  sections  extremely 
poor.  That  these  same  soil  conditions  and  problems  do  not  obtain 
on  the  valley  soils  of  the  region  or  on  the  soils  located  in  the  lower 
lying  region  to  the  north  of  the  country  occupied  by  the  Volusia  soils 
is  proved  by  the  prevalence  of  much  better  agricultural  conditions, 
more  intensive  systems  of  farming,  the  larger  crop  yields,  and  the 
higher  prices  at  which  these  other  soils  are  held. 

Wlien  the  region  in  which  the  Volusia  soils  occur  Avas  first  cleared 
of  its  forests  of  chestnut,  oak,  white  pine,  sugar  maple,  beech,  and 
hemlock  large  yields  of  the  staple  crops,  wheat,  corn,  oats,  and  hay, 
were  secured.  No  difficulty  was  experienced  in  the  growing  of  red 
clover  or  other  crops.  The  region  was  fairly  well  populated,  the 
families  large,  and  the  farmers  prosperous.  However,  there  has 
developed  a  condition  of  the  soil,  especially  in  the  silt  loam  areas, 
which  is  inimical  to  some  forms  of  plant  life.  That  this  condition  is 
a  soil  and  not  a  plant  problem  is  evident  both  from  field  observation 
and  experimental  work. 

Many  farms  and  fields  can  now  be  found  where  red  clover  and  other 
crops  still  grow  well,  and  in  the  same  region,  perhaps  on  an  adjoining 
farm  or  field,  they  give  indifferent  results,  or  refuse  to  grow  at  all. 
The  soil  of  newly  cleared  fields  seldom  fails  to  produce  crops 
and  give  good  yields,  while  adjoining  or  near-by  fields  which  have 
been  cleared  and  cropped  for  a  good  many  years  produce  poor  crops, 
or  crops  of  no  commercial  value,  though  when  first  cleared  and 


Bu[.  60.  Bureau  or  Sol[] 


Hunt  uuf ton 


u 


silt    loajn  htum  gravm 

pARTor  Madison  County,  N,Y,soiL  MAP,  SHOWING  THE  topography  an 

RELATION   OF  THE  V0LUSIA{HI  LgSOlLSTOTHE  VALLEY  SOILS 


»> 


AGRICULTURAL  CONDITIONS.  11 

cropped  they  were  as  productive  as  the  fields  now  being  brought 
under  cultivation. 

A  recent  bulletin  *»  of  the  New  York  State  College  of  Agriculture, 
based  upon  experimental  work  on  these  soils  and  dealing  with  the 
failure  of  red  clover  on  them,  states  that  this  failure  of  the  clover  is 
not  due  to  any  fungous  disease  of  the  clover  plant,  that  it  is  not  due 
to  the  lack  of  the  proper  kind  of  bacteria  in  the  soil,  or  to  other  influ- 
ences of  such  a  character.  In  fact  every  plant  problem  is  eliminated 
from  the  question,  and  the  conclusion  is  that  the  soil  and  soil  condi- 
tion alone  are  responsible  for  the  "  clover  sickness  "  of  the  Volusia 
soils. 

Moreover,  on  many  fields  which  either  refuse  to  grow  the  red  varie- 
ties of  clover  or  produce  poor  stands  alsike  clover  does  well,  and, 
further,  a  chemical  analvsis  of  the  soil  bv  standard  methods  shows  a 
sufficient  amount  of  the  common  plant-food  elements  for  successful 
crop  growth. 

In  recent  years  extreme  difficulty  has  been  experienced  in  seeding 
clover,  amounting  in  many  cases  to  complete  failure.  Corn  seldom 
gives  any  yield  of  mature  grain ;  wheat  yields  have  become  so  low  that 
attempts  to  grow  this  crop  have  been  abandoned ;  families  are  small, 
in  some  school  districts  the  population  being  so  sparse  that  the  school- 
houses  are  closed  and  going  to  ruin.  In  the  region  occupied  by  the 
silt  loam  many  farm  homes  are  abandoned ;  the  farm  buildings  are 
fast  going  to  ruin;  once  productive  fields  are  abandoned  so  far  as 
profitable  agriculture  is  concerned.  These  fields  are  growing  up  to 
weeds  and  in  a  few  cases  to  a  second  growth  of  timber,  worthless 
except  for  firewood.  Many  of  these  fields  are  not  even  being  utilized 
for  pasturage,  and  the  present  tenantry  make  only  a  poor  living.  As 
a  single  specific  example  of  these  two  conditions  the  following  state- 
ments are  given  concerning  an  80-acre  farm  of  Volusia  silt  loam : 

In  1883  this  farm  produced  clover  hay  at  the  rate  of  2 J  tons  per 
acre  for  the  first  cutting,  and  clover  seed  from  the  second  growth  at 
the  rate  of  4  bushels  per  acre;  nearly  $700  worth  of  grain  was  pro- 
duced and  sold,  and  3  cows,  20  sheep,  and  a  team  were  kept.  The 
total  yield  of  all  crops  for  each  of  the  past  five  seasons  grown  on  this 
farm  would  not  support  more  than  the  20  sheep  and  nothing  was  sold. 
No  clover  is  grown,  and  it  can  not  be  grown  by  the  methods  now  in 
practice.  On  a  neighboring  farm  property  of  over  100  acres  the 
total  product  for  the  season  of  1907  was  two  small  stacks  of  very  poor 
quality  hay,  not  over  6  to  8  tons. 

The  first  of  these  farms  sold  in  1883  for  $37.50  an  acre,  while  in 
1909  the  second  farm,  which  is  neither  better  nor  worse,  was  sold 
for  about  $5  an  acre.  A  number  of  farms  have  recently  been  sold  in 
this  same  region  for  taxes  and  brought  only  a  few  dollars  an  acre. 

«  Bui.  No.  204  Cornell  Univ.  A«r.  Expt.  Stu.,  by  J.  H.  Squires. 
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These  figures  are  a  fair  sample  of  the  worst  conditions  both  as  to 
decline  in  crop  yields  and  depreciation  of  farm-land  values  in  the 
region  occupied  by  the  Volusia  soils. 

The  decrease  in  rural  population  referred  to  above,  amounting  to 
1,015  for  the  past  forty  years  and  923  for  the  past  twenty -five  years, 
or  about  15  per  square  mile,  is  vividly  shown  by  the  following  census 
figures  for  the  township  in  which  the  two  farms  mentioned  are 
located : 


Decrease  in  population  of  a  township  occupied  largely  hy  Volusia  soiL 


Year. . 


1865 
1S76 
1880 
1890 
1892 
1900 
1905 


Census. 


State  . 
do 


Decrease  in  forty  years 

Per  cent  decrease  in  forty  years. 


Federal. 
do  . 

State  . . . 
Federal. 
State  ... 


Population. 


2,700 
2,524 
2,608 
2,215 
2,195 
1,902 
1,685 


1.015 
37.6 


These  figures,  while  representing  extreme  conditions,  clearly  indi- 
cate the  trend  in  some  parts  of  the  region  occupied  by  the  Volusia 
soils. 

That  these  unfavorable  circumstances  are  unnecessary  is  evidenced 
by  the  existence  of  conditions  which  are  the  exact  reverse  of  those 
cited.  In  the  same  region,  on  a  soil  identically  the  same  and  in  the 
same  poor  condition,  producing  no  clover,  and  yielding  one-half  ton 
of  hay  per  acre  in  1907,  1  acre  produced  250  bushels  of  potatoes 
without  fertilization  of  any  kind  in  1908.  In  other  sections  covered 
by  soils  of  the  Volusia  series,  clover  gives  good  yields  and  the  yields 
of  other  crops  adapted  to  the  soils  are  excellent.  On  individual 
farms  the  farmers  are  prosperous  and  land  values  are  not  depressed 
and  the  rural  population  is  not  decreasing,  but  is  either  stationary 
or  slightly  increasing.  These  favorable  conditions  are  all  encoun- 
tered in  regions  where  the  adaptation  of  the  Volusia  soils  to  the 
production  of  Irish  potatoes  has  been  recognized  and  put  into  prac- 
tice, and  on  farms  where  a  goodly  number  of  live  stock  are  kept  and 
fed,  and  where  drainage  conditions  are  better.  The  first  point  is 
vividly  shown  in  Steuben  County,  N.  Y.,  where  these  Volusia  soils 
have  made  the  county  the  third  potato  producing  county  in  the 
country.  This  county  is  also  the  only  strictly  rural  county  in  New 
York  which  showed  an  increase  in  farm  value  for  the  two  decades, 
1880  to  1890  and  1890  to  1900. 

The  important  soil  problems  presented  by  the  Volusia  soils  can 
be  considered  under  five  heads — physical  condition,  drainage,  organic 
matter  constituents,  acidity,  and  so-called  "  clover  sickness." 
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PHYSICAL  CONDITION. 

When  these  soils  were  first  cleared  and  in  their  virgin  state,  the 
physical  condition  was  favorable  for  the  successful  growth  of  many 
different  crops,  but  with  the  continuous  cropping  to  which  they  have 
been  subjected,  the  methods  of  farming  followed,  and  the  systems  of 
soil  management  practiced,  the  physical  condition  has  changed  and 
is  now  to  a  large  extent  unfavorable  for  the  production  of  the  same 
crops. 

The  texture  of  the  loam  and  silt  loam  typ^s  is  not  particularly 
favorable  for  many  crops.  The  average  for  10  samples  of  the  silt 
loam  shows  about  80  per  cent  of  silt  and  clay  and  about  20  per  cent 
of  coarser  material,  about  half  of  which  is  very  fine  sand,  only  one 
degree  removed  from  the  silt  in  fineness.  Considering  the  textural 
feature  apart  from  all  other  factors,  it  is  favorable  to  puddling  and 
baking,  and  as  a  matter  of  fact  this  tendency  is  decidedly  pronounced 
wherever  the  influence  of  some  other  factor  or  set  of  factors  is  not 
present  to  have  a  counteracting  effect. 

The  structure  of  both  of  these  soil  types,  especially  in  areas  which 
are  in  the  poorer  condition,  is  not  as  favorable  for  crop  growth 
as  when  they  were  first  cleared  or  as  it  is  in  many  soils  of  similar 
and  even  heavier  texture  but  of  different  origin,  coloration,  and 
other  physical  characteristics.  Flocculation  of  the  soil  grains  seems 
to  be  entirely  lacking,  and  consequently  the  puddling  and  baking 
of  the  surface  take  place  easily.  A  granular  structure  and  its 
attending  effects  would  facilitate  desirable  and  beneficial  moisture 
movements,  aeration,  and  oxidation,  all  of  which  are  necessary  for  the 
production  of  even  ordinary  yields  of  our  farm  crops.  Such  stnic- 
ture  should  be  attained  by  proper  drainage,  liming,  and  the  incor- 
poration of  organic  matter.  Another  feature  in  connection  with  the 
structure  of  these  soils  is  the  occurrence  of  a  "  hardpan  "  in  the  sub- 
soil. This  hardpan  is  often  quite  near  the  surface  and  limits  the 
depth  of  the  surface  soil  and  seed  bed  and  consequently  the  root  de- 
velopment of  all  crops,  except  those  which  are  very  shallow  rooted, 
like  alsike  clover.  It  often  occurs  at  12  to  24  inches  beneath  the  sur- 
face, and  while  its  occurrence  at  this  depth  does  not  affect  the  depth 
and  preparation  of  the  seed  bed  it  does  have  a  decided  effect  on  the 
root  development,  similar  to  that  where  it  occurs  nearer  the  surface, 
through  its  influence  on  soil  moisture  conditions. 

This  hardpan  of  the  Volusia  soils  is  not  unlike  the  remainder  of 
the  section  in  texture,  but  consists  of  a  compacted  stratum  having  a 
dense,  close  structure.  In  not  a  few  cases  its  development  has  at 
least  been  aided  by  continuous  plowing  at  the  same  depth  year  after 
year.  It  is  also  brought  about  by  plowing  the  soil  when  the  subsoil 
is  too  wet,  even  though  the  surface  soil  may  have  become  suflSciently 
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dry  for  tillage.  By  these  practices  the  plow  sole  has  pressed  the  soil 
grains  together  each  time  it  has  passed  along,  until  finally  a  dense, 
impervious  structure  has  been  formed  just  beneath  the  surface  soil, 
resulting  in  the  compacted  stratum  called  "hardpan."  This  layer 
holds  the  water  above  it  in  wet  weather  and  prevents  its  rise  from 
below  in  times  of  drought. 

DRAINAGE. 

Although  the  natural  surface  drainage  of  the  Volusia  soils  is  well 
developed,  as  previously  stated,  the  internal  drainage  is  often  poor 
and  inefficient.  Both  the  texture  and  structure  of  the  soil  are  un- 
favorable to  the  free  movement  of  soil  moisture.  The  puddling, 
previously  discussed,  either  prevents  the  passage  of  drainage  water 
and  capillary  soil  moisture  or  confines  their  movements  to  a  very 
limited  space.  The  hardpan  also  restricts  greatly  the  vertical  mois- 
ture movements.  The  influence  of  all  three  of  these  factors  combined 
is  sqch  that  only  a  little  excess  of  meteoric  waters  is  necessary  to 
waterlog  completely  the  section  overlying  the  hardpan  subsoil  and 
to  bring  about  a  condition  extremely  unfavorable  for  domesticated 
plants. 

It  is  likewise  true  that  the  same  factors  prevent  the  absorption  and 
retention  of  a  sufficient  amount  of  moisture  to  tide  the  crops  over 
periods  of  drought,  and  consequently  only  a  slight  deficiency  of  rain- 
fall is  necessary  to  bring  about  conditions  as  unfavorable  to  crox> 
growth  as  the  other  extreme  of  saturation.  Furthermore,  there  is  a 
very  poor  development  of  natural  drainage  channels  within  the  soil 
itself. 

All  these  characteristics  combined  make  the  drainage  conditions  of 
the  Volusia  soils  poor  and  consequently  the  heavier  soils  of  the  series 
are  much  in  need  of  artificial  drainage. 

ORGANIC  MATTER. 

Another  soil  problem  in  connection  with  the  Volusia  soils  is  that 
of  organic  matter,  which  is  of  great  importance  in  crop  production. 
That  this  is  a  soil  and  not  a  plant  problem  is  shown  by  the  different 
forms  organic  matter  assumes  in  decaying  in  different  soils,  by  the 
different  rates  of  decomposition  in  different  soils,  and  finally  by  the 
varied  effects  it  has  upon  further  plant  growth  in  different  soils. 

It  has  been  observed  that  the  decay  or  partial  decay  of  organic 
matter  in  many  soils  results  in  dark  and  warm  colors  and  that  its 
favorable  effects  persist  for  long  periods  of  time,  but  that  when  this 
decay  of  organic  matter  takes  place  in  the  Volusia  soils  the  resulting 
colors  are  not  so  dark  and  the  resultant  favorable  effects  are  not  of 
so  long  duration.  It  may  be  that  the  decomposition  of  organic  mat- 
ter in  some  soils  results  to  a  considerable  extent  in  solid  carbonaceous 
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products  with  a  minimum  of  gaseous  matter,  while  the  decomposition 
in  other  soils,  like  the  soils  in  question,  results  largely  in  gaseous 
products  with  a  minimum  of  the  carbonaceous  forms. 

ACIDITY. 

In  regard  to  the  chemical  condition  of  these  soils  it  is  evident  that 
there  has  been  developed  an  acid  condition,  which  makes  the  produc- 
tion of  certain  crops  most  difficult  and  which  has  led  in  many  in- 
stances to  the  abandonment  of  attempts  to  grow  them. 

The  accumulated  eflFects  of  all  of  these  unfavorable  soil  conditions 
have  been,  it  is  believed,  the  chief  cause  of  the  decline  of  productive- 
ness of  considerable  areas  of  these  soils,  leading  to  the  abandonment 
of  fields,  the  desertion  of  farm  homes,  and  the  consequent  decrease 
in  population  and  diminution  in  farm  land  values. 

"  CLOVER  SICKNESS." 

In  connection  with  the  problems  discussed  there  is  another  soil 
problem,  the  cause  of  so-called  "clover  sickness"  and  its  remedy. 
While  the  bacterium  necessary  to  the  thrifty  growth  of  clover  is 
present  in  the  soils,  the  poor  physical  condition  and  attending  poor 
internal  drainage  conditions,  together  with  the  low  organic  matter 
content  and  soil  acidity,  result  in  conditions  inhibitive  of  its  develop- 
ment and  activity.  In  the  Volusia  soils  the  drainage  features,  char- 
acter of  organic  content,  and  degree  of  acidity  are  all  particularly 
inimical  to  the  beneficial  forms  of  bacteria.  Coincident  with  these 
conditions  is  the  "  clover  sickness  "  of  the  soil.  There  are  large  areas 
within  these  soils  where  red  clovers  fail  to  grow,  though  they  once 
were  produced  abundantly  without  difficulty,  both  for  hay  and  seed. 
As  a  matter  of  fact  the  red  varieties  of  clover  will  not  grow  natu- 
rally, and  can  not  be  made  to  grow  where  all  the  conditions  mentioned 
obtain  and  rarely  where  they  exist  singly. 

In  some  sections  of  the  country  "  clover  sickness  "  is  purely  a  plant 
problem,  but  in  the  case  of  the  Volusia  soils  it  is  purely  a  soil 
problem.  Fungous  diseases,  the  root  borer,  the  absence  of  bacteria, 
in  fact,  all  plant  problems  connected  with  its  failure,  have  been 
eliminated,  and  the  whole  question  hinges  directly  upon  the  physical, 
mechanical,  and  chemical  condition  of  the  soil.  Wlien  these  un- 
favorable soil  conditions  are  overcome  clover  will  grow,  and  it  will 
not  grow  successfully  until  they  are  overcome. 

Various  reasons  have  been  assigned  for  the  present  poor  and 
extensive  type  of  agriculture  followed  on  the  Volusia  soils  where 
these  unfavorable  soil  conditions  have  developed.  Chief  among 
these  reasons  is  that  the  soils  are  "  worn  out."  Distance  from  mar- 
kets, poor  transportation  facilities,  isolation  of  the  sections  in  which 
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the  soils  occur,  poor  schools,  and  unfavorable  social  conditions  have 
all  been  suggested  as  causes  of  the  decline  of  agriculture  in  the 
region.  The  fact  remains,  however,  that  the  soils  are  not  exhausted 
in  any  reasonable  sense  of  the  word.  They  are  not  "  worn  out,"  but 
are  still  capable  of  producing  abundant  yields  of  those  crops  to 
which  they  are  adapted,  if  certain  unfavorable  soil  conditions  are 
remedied  and  proper  tillage  and  soil  management  methods  are  em- 
ployed. The  distance  from  markets  is  less  than  it  was  when,  in  the 
early  days,  the  whole  region  was  still  prosperous.  The  markets  are 
better  than  ever  before.  The  means  and  facilities  for  the  trans- 
portation of  the. products  of  these  soils  are  far  better  and  more 
efficient  than  in  the  pioneer  days.  The  isolation  is  much  less  than 
formerly,  and  is  diminishing  by  reason  of  better  roads,  rural  free 
delivery  of  mail,  rural  telephone  lines,  more  and  better  steam  and 
trolley  roads,  nearer  and  larger  villages  and  cities,  and  the  use  of 
horses  instead  of  oxen. 

We  must  concede  that  these  changes  for  the  better  have  taken  place, 
while  at  the  same  time  agricultural  conditions  have  been  growing 
worse,  though  undoubtedly  it  is  a  matter  of  fact  that  the  condition 
of  the  schools,  of  the  churches,  and  of  other  social  institutions  has 
visibly  declined  with  the  decline  of  agriculture  in  many  sections. 
However,  when  we  analyze  clearly  the  whole  situation  with  reference 
to  these  soils  we  can  arrive  at  no  other  conclusion  than  that  the  funda- 
mental problem  is  a  soil  question  and  that  the  social  and  economic 
problems  are  only  incidental  and  resultant  problems,  for  they  have 
not  developed  on  some  other  soils  which  are  just  as  unfavorably 
located. 

THE  USES  OF  THE  VOLUSIA  BOUS. 

The  types  of  agricultural  industry  for  which  the  Volusia  soils  can 
be  profitably  used  are  somewhat  varied.  However,  no  line  of  farm- 
ing should  be  introduced  which  does  not  include  animal  husbandry  in 
some  form,  either  as  a  principal  or  subordinate  feature  of  the  farm 
practice. 

The  Volusia  silt  loam  is  adapted  to  the  production  of  late  Irish 
potatoes,  oats,  buckwheat,  and  hay.  Alsike  clover  and  timothy 
should  be  used  for  grass  seeding,  except  where  the  soil  is  in  better 
condition  and  no  difficulty  is  experienced  in  growing  red  clover. 
Meadows  in  good  sod  will  yield  from  1^  to  2J  tons  of  hay  per  acre, 
though  this  yield  is  far  above  the  average  for  the  type  as  a  whole. 
The  timothy  is  always  of  excellent  quality.  However,  where  the  soil 
is  in  poor  condition  there  is  extreme  difficulty  in  securing  a  stand  of 
the  tame  grasses  and  clovers  and  difficulty  in  maintaining  the  sod 
also.  Of  the  grasses,  redtop  does  best  where  these  conditions  prevail. 
Permanent  sods  soon  become  infested  with  weeds  and  wild  grasses; 
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in  many  places  "poverty  grass"  {Danthonia  spicata)  takes  complete 
possession  of  the  soil.  This  variety  of  herbage  has  but  little  feeding 
value  either  for  hay  or  grazing.  In  other  places  on  the  high  hills 
permanent  sods  are  becoming  filled  with  the  devils  paint  brush  or 
orange  hawk  weed,  completely  ruining  the  sod  for  either  pasture  or 
meadow. 

Oats  are  an  excellent  crop,  though  the  average  yield  is  not  as  high 
as  the  soil  is  capable  of  producing.  Yields  of  improved  varieties 
have  in  recent  years  exceeded  50  bushels  per  acre,  though  the  average 
is  likely  not  more  than  20  to  25  bushels  per  acre- 
Buckwheat  is  especially  suited  to  this  soil  type  and  with  reason- 
ably good  care  yields  from  12  to  25  and  even  30  bushels  per  acre. 
A  large  acreage  is  grown,  much  of  which  is  planted  on  fields  where 
other  crops  have  failed  to  make  a  stand,  or  where  the  poor  drainage 
conditions  have  prevented  preparation  for  earlier  crops. 

Late  Irish  potatoes  should  generally  form  the  main  money  crop 
of  the  rotations  on  farms  of  this  soil  type.  The  quality  of  the  pota- 
toes grown  on  this  soil  is  unsurpassed,  and  the  yields  are  compara- 
tively larger  than  are  those  of  other  crops.  The  average  yield  per 
acre  ranges  from  100  to  150  bushels,  though  it  is  not  impossible  to 
secure,  and  many  potato  growers  are  securing,  as  high  as  200  bushels 
per  acre  or  more  with  strong  seed,  judicious  fertilization,  and  im- 
proved methods  of  culture. 

Corn  for  ensilage,  an  important  product  in  connection  with  dairj'' 
farming,  usually  does  well,  but  it  is  not  to  be  considered  for  the  pro- 
duction of  grain  unless  some  particularly  early  variety  is  planted. 
Mangelwurzels,  carrots,  and  rutabaga  turnips  are  excellent  crops  for 
this  soil  and  can  well  take  the  place  of  some  of  the  grain  crops. 
They  furnish  excellent  feed  for  dairy  cattle  and  sheep. 

Sweet  corn,  pease,  and  string  beans  for  canning  make  excellent 
money  crops  where  the  haul  to  canning  factories  is  not  too  long. 

Where  drainage  conditions  are  favorable  and  the  bed  rock  is  not 
too  close  to  the  surface,  well-selected  areas  are  suited  to  apple 
orcharding  if  varieties  are  selected  which  are  adapted  to  the  soil, 
but  the  setting  of  fruit  trees  can  not  be  recommended  upon  the 
poorer  areas,  even  though  other  conditions  are  favorable. 

The  Volusia  loam  is  a  better  soil  for  general  farm  crops  than  is 
the  silt  loam.  It  is  usually  better  drained  and  deeper.  This  type  is 
adapted  to  the  production  of  potatoes,  hay,  oats,  corn,  buckwheat, 
and  tree  fruits.  It  is  also  a  good  soil  for  dairy  farming  and  stock 
raising. 

In  the  production  of  potatoes  it  is  a  little  more  sure  than  is  the  silt 
loam  and  the  yields  will  likely  average  a  little  higher.  Sod  land 
usually  produces  better  crops  of  hay,  there  being  much  less  diffi- 
culty experienced  in  growing  clover  and  other  legumes.     The  sod 
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i*emains  in  good  condition  longer  and  the  weeds  are  not  able  to 
crowd  out  the  tame  grasses  so  easily:  Meadows  in  good  condition 
will  yield  2  to  2^  tons  of  good  quality  of  hay  annually,  and  when 
plowed  for  the  intertilled  crops  give  a  better  seed  bed  than  is  usually 
the  case  with  the  silt  loam.  Oats  are  excellent  both  in  yield  and 
quality.  An  average  crop  will  yield  from  35  to  50  bushels  per  acre, 
with  an  excellent  quality  of  straw  for  feeding  or  bedding.  Com 
is  a  much  surer  crop  than  when  planted  on  the  silt  loam,  the  average 
yield  being  from  50  to  75  bushels  of  ears  per  acre,  with  a  quantity  of 
dry  stover.  Buckwheat  usually  gives  a  yield  about  one-third  greater 
than  it  does  on  the  silt-loam  type. 

The  culture  of  apples  in  farm  orchards  is  general  on  the  Volusia 
loam,  and  orcharding  might  well  be  extended  on  a  commercial  scale, 
provided  the  location  of  orchards  is  made  with  care  and  varieties 
are  used  which  are  suited  to  the  particular  soil. 

Dairy  fanning  and  stock  raising  are  industries  well  suited  to  this 
soil  and  should  be  developed  on  a  larger  scale  than  they  now  are. 

The  Volusia  gravelly  loam  is  the  lightest,  warmest,  and  earliest 
type  of  soil  of  the  series.  It  is  suited  to  the  production  of  hay,  corn, 
potatoes,  etc.  It  is  the  best  corn  soil  of  the  series  and  seldom  fails  to 
produce  a  good  crop.  Potatoes  also  do  well.  Excellent  clover  can 
almost  always  be  grown. 

The  Volusia  clay  loam  is  well  adapted  to  the  production  of  hay, 
though  the  clover  often  "  heaves  "  out. 

The  Volusia  stony  loam  is  a  good  general  farm  soil  adapted  to  the 
growing  of  such  crops  as  hay,  oats,  and  buckwheat.  These  crops 
yield  as  follows:  Hay,  1  to  2  tons;  oats,  25  to  40  bushels;  buckwheat, 
15  to  25  bushels.     The  tree  fruits  also  do  well  on  this  soil  type. 

Within  the  whole  region  occupied  by  these  soils  there  are  certain 
areas  of  waste  land  which  should  be  used  for  forestry.  Many  of 
these  areas,  from  the  nature  of  the  surface,  are  unfit  for  crops  requir- 
ing intertillage  and  are  covered  with  a  generally  poor  growth  of  tim- 
ber. This  waste  land  amounts  to  about  12  per  cent  of  the  total  area  of 
the  region,  including  both  hills  and  valleys.  Many  other  areas,  now 
included  in  hillside  pastures  or  abandoned  fields,  should  never  have 
been  cleared,  but  should  have  been  left  in  forest  to  furnish  a  con- 
tinual income  instead  of  being  cleared,  cultivated  for  a  time,  and  then 
abandoned,  producing  no  income  at  all.  All  these  areas  can  be 
profitably  reforested  to  such  valuable  timber  trees  as  chestnut,  white 
pine,  and  hemlock. 

IMPROVEMENT  OP  VOLUSIA  SOILS. 

Underdrainage  is  one  of  the  most  important  steps  in  the  improve- 
ment of  the  Volusia  soils  and  should  precede  any  attempt  at  building 
up  these  soils  in  other  wa5's.    A  large  percentage  of  the  Volusia  silt 
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loam  type  is  greatly  in  need  of  this  improvement.  Although  this 
soil  type  is  rolling  to  hilly  in  character  and  surface  drainage  is  well 
established,  subsurface  drainage  and  internal  moisture  movements 
are  effected  only  with  extreme  difficulty.  The  texture  and  structure 
previously  discussed  combine  to  prevent  to  a  large  extent  these  neces- 
sary moisture  movements.  And  finally,  there  are  many  wet  areas 
upon  the  hillsides,  caused  by  the  welling  up  and  out  of  water  from 
the  stratification  and  joint  planes  of  the  underlying  bed  rock  and  by 
seepage  from  higher  levels.  Then,  too,  some  portions  of  the  type 
occupy  flat-topped  elevations,  which  are  almost  always  too  wet  for 
.profitable  cultivation  unless  artificially  drained. 

But  one  reason  exijits  to  prevent  the  complete  underdrainage  of 
the  Volusia  silt  loam,  and  that  is  more  apparent  than  real;  that  is 
its  low  selling  value,  which  is  in  many  cases  less  than  the  initial 
cost  of  the  necessary  drainage  improvement.  However,  thorough 
underdrainage  would  not  only  result  in  increased  quantity  and 
l>etter  quality  of  the  crops  grown,  but  would  greatly  enhance  the  value 
of  the  lahd.  It  would  cause  new  water  courses  to  be  formed  within 
the  soil.  It  would  aid  in  improving  the  present  unfavorable  struc- 
ture of  the  soil  and  make  possible  bettor  aeration  and  oxidation.  All 
these  changes  will  result  in  more  favorable  conditions  for  bacterial 
activity  and  for  the  development  of  the  favorable  humus  content  of 
the  soil. 

The  Volusia  loam,  while  not  so  badly  in  need  of  drainage,  would 
respond  to  such  improvement  with  greater  yields  and  a  better  quality 
of  crops.  The  Volusia  stony  loam  and  clay  loam  stand  in  about  the 
same  relation  to  this  improvement  as  does  the  loam.  The  Volusia 
gravelly  loam  is  of  an  open  structure  and  loose  texture  and  conse- 
quently is  well  drained  naturally. 

Following  drainage,  the  next  step  in  the  improvement  of  the 
Volusia  soils  should  be  the  incorporation  of  organic  matter  with 
the  soil.  Suggestions  in  this  connection  are  particularly  applicable 
to  the  silt  loam  type,  but  are  also  of  value  to  a  greater  or  less  degree 
if  applied  to  the  other  types  of  the  series. 

Wlien  these  soils  were  first  cleared  and  produced  good  crops  the 
humus  content  was  fairly  good,  but  with  the  systems  of  soil  man- 
agement and  cropping  given  them  and  the  changes  which  have  taken 
place  in  them  the  organic  matter  content  has  been  reduced  to  a  mini- 
mum. That  this  has  an  important  effect  upon  the  yield  of  crops  is 
certain.  A  larger  content  of  organic  matter  would  not  only  aid  in 
securing  and  maintaining  a  better  soil  structure  but  would  also  enable 
the  soil  to  retain  and  deliver  throughout  the  growing  season  larger 
quantities  of  water  to  the  growing  crops.  It  would  make  the  range  of 
moisture  content  under  which  tillage  could  be  undertaken  wider,  as 
well  as  lessen  the  chance  of  damage  from  an  excess  of  water  in  the 
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early  part  of  the  season  and  a  shortage  during  the  dry  periods  in  late 
summer  and  fall.  It  would  also  give  rise  to  more  favorable  condi- 
tions for  the  activities  of  soil  bacteria. 

There  are  several  methods  by  which  this  restoration  of  organic 
matter  to  the  soil  can  be  accomplished.  The  most  common  method 
is  likely  the  best  of  all — the  liberal  application  of  stable  manure.  It 
has  been  demonstrated  by  laboratory  work  that  the  organic  matter 
content  of  stable  manure  is  more  beneficial  in  the  economy  of  crop 
production  than  is  either  the  mineral  content  of  the  manure  or  any 
of  the  inorganic  manures.  Therefore  much  more  can  be  accomplished 
in  the  improvement  of  these  soils  by  the  use  of  stable  and  organic 
manures  than  can  be  brought  about  bj'  the,  use  of  the  commercial 
fertilizers  alone.  In  this  connection,  no  forage  crops  should  be  sold 
from  the  farms  of  the  Volusia  soils;  the  sale  products  should  always 
be  those  which  can  be  marketed  in  a  concentrated  high-priced  form 
or  in  a  form  containing  a  large  amount  of  watery  matter  and  a  small 
amount  of  solid  matter.  In  the  past  the  practice  has  been  largely  the 
reverse  of  that  advocated  here,  many  forage  and  grain  crops  having 
been  grown  and  sold.  This  practice  has  succeeded  in  almost  com- 
pletely exhausting  large  areas  of  the  Volusia  soils  of  their  original 
stores  of  organic  matter  and  in  many  cases  almost  nothing  has  been 
done  by  the  tillers  of  the  soil  either  to  maintain  or  restore  this  or- 
ganic matter,  without  which  no  successful  crop  production  can  be 
realized. 

As  before  stated,  care  should  be  taken  to  return  in  the  form  of 
stable  manure  as  much  as  possible  of  the  crops  produced  by  the  soil. 
This  should  be  augmented  wherever  and  whenever  practicable  by  the 
practice  of  green  manuring,  the  growing  and  turning  under  of 
such  crops  as  buckwheat,  rye,  clover,  etc.  Wherever  possible  legu- 
minous crops  should  be  grown,  thus  increasing  the  nitrogen  in  the  soil, 
the  most  costly  of  all  the  ingredients  of  the  commercial  fertilizers. 

Coincident  with  efforts  to  increase  the  organic  content  of  the 
Volusia  soils  should  be  an  effort  to  correct  other  unfavorable  condi- 
tions of  the  soil.  In  this  connection  the  use  of  lime  is  manifestly  of 
prime  importance.  Lime  alters  existing  chemical  conditions,  making 
the  soil  more  favorable  for  bacterial  life  and  a  better  home  for  the 
legumes.  It  will  interact  chemically  with  the  soil-forming  minerals, 
rendering  more  readily  available  some  of  the  materials  necessary  for 
plant  growth,  but  at  present  locked  up  in  chemical  combinations 
which  normally  withhold  the  elements  needed  by  the  plant.  It  will 
also  aid  in  establishing  and  maintaining  a  physical  condition  of  tlie 
soil  more  favorable  to  crop  i^roduction.  It  is  believed  too  that  the 
presence  of  lime  has  the  effect  of  causing  the  decaying  organic  matter 
to  take  more  permanent  forms  and  to  be  more  beneficial  in  its  effects 
upon  plant  growth.     As  a  matter  of  precaution  the  application  of 
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lime  to  the  soil  should  ncAer  immediately  precede  the  use  of  the  soil 
for  potatoes.  The  best  place  to  use  it  in  the  rotation  would  be  with 
or  immediately  preceding  the  seeding  for  sod. 

Another  means  of  improving  the  Volusia  soils,  and  this  applies 
equally  to  all  types  of  the  series,  is  deeper  plowing,  more  thon>ugh 
harrowing,  and  subsequent  better  cultivation  of  all  of  the  intertilled 
crops.  This  would  result  in  increasing  the  crop- producing  power  of 
these  soils  many  fold.  By  more  thorough  stirring  of  the  soil  better 
aeration  is  accomplished,  more  thorough  oxidation  is  brought  about, 
and  a  better  sanitary  condition  of  the  soil  maintaine<l,  which  will 
result  in  a  better  home  for  growing  crops.  By  thoroughly  pulver- 
izing the  soil  the  areal  surface  of  the  soil  grains  exposed  is  made 
infinitely  greater  than  when  the  soil  is  incompletely  prepared.  In 
the  former  case  the  ability  of  the  soil  to  store  up  and  deliver  moisture 
to  the  growing  crops  is.nnich  greater,  and  the  feeding  surface  for  the 
roots  is  increased  also. 

The  last  suggestion  for  the  improvement  and  use  of  the  Volusia 
soils  isby  no  means  the  least  important — that  is,  the  utilization  of  each 
type  for  the  production  of  only  those  crops  to  which  it  is  esi)ecially 
adapted.  Given  these  crops,  systematic  rotations  should  Ik*  worked 
out  for  each  farm  or  field.  In  determining  these  rotations  the  fact 
must  be  constantly  held  in  mind  that  the  selection  is  not  onlv  limited 
to  such  crops  as  are  adapted  to  the  soils,  but  that  the  question  of  the 
distance  to  shipping  point  or  market  also  restricts  the  choice.  Where 
the  farm  is  remote  from  a  shipping  point  or  market,  or  where  the 
roads  are  poor,  rough,  and  hilly,  the  rotation  should  include  only  those 
crops,  which  can  be  marketed  in  a  concentrated  form  easily  trans- 
ported or  those  which  may  1h>  fed  to  stock,  which  can  Ix*  driven  to 
market.  In  other  words,  the  bulky  forage  crops  should  not  Ih»  sold 
as  such  but  as  the  finished  or  numufactured  product  of  smaller 
volume  and  higher  price.  In  this  way  the  farmer  may  nuike  a  profit 
not  only  on  the  crop  grown  directly  from  the  soil,  but  also  on  the 
finished  product,  and  at  the  same  time  return  to  the  soil  much  of  the 
elements  necessary  for  crop  production. 

SI^MMARY. 

The  soils  of  the  Volusia  series  are  not  "  worn  out "  in  any  proper 
sense  of  the  word,  but  so  far  as  the  mineral  matter  of  the  soil  is  con- 
cerned are  abundantly  supplied  with  the  plant-food  elements  for  the 
production  of  good  crops. 

The  difficulties  encountered  in  crop  production  upon  the  Volusia 
soils  arise  chiefly  from  lack  of  drainage,  poor  physical  condition,  and 
a  depletion  of  organic  matter. 

The  proper  management  and  tillage  of  these  soils  require  tile 
drainage  over  considerable  areas  of  the  more  clayey  soil  types,  plow- 
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ing  to  depths  varying  with  the  character  of  crop  to  be  planted  and 
the  existence  or  nonexistence  of  hardpan,  plowing  only  when  both 
surface  soil  and  subsoil  are  sufficiently  dry  to  prevent  pnddling,  the 
addition  of  organic  matter  in  the  form  of  stable  manure  or  green 
crops  plowed  under,  and  the  application  of  lime,  particularly  on  the 
Volusia  silt  loam  prior  to  seeding  down  to  grass,  especially  to  clover. 

The  soils  of  the  Volusia  series  are  well  suited  to  dairying,  stock 
raising,  and  sheep  raising,  which  should  be  undertaken  both  for  the 
sake  of  profit  and  for  the  sake  of  the  soil. 

Irish  potatoes  can  be  advantageously  produced  on  the  Volusia  silt 
loam  and  Volusia  loam  and  constitute  the  best  '*  money  crop  "  to  sup- 
plement the  animal  industry. 

The  so-called  "  clover  sickness  "  through  the  region  occupied  by 
the  Volusia  soils  is  a  soil  problem  and  not  a  plant  problem. 

To  secure  good  stands  of  red  clover  on  the  soils  of  this  series 
thorough  drainage,  good  mechanical  preparation  of  the  land,  the 
application  of  stable  manure,  and  the  application  of  lime  at  the  rate 
of  about  2,000  pounds  to  the  acre  are  required. 

While  corn  can  not  be  grown  for  grain  production  at  the  highest 
elevations,  silage  corn  can  be  produced  at  all  elevations  on  all  types 
of  the  series. 

Where  corn  for  grain  can  not  be  produced  to  advantage,  Canada 
field  peas  and  oats  can  l)e  sown  as  a  substitute. 

Apple  orcharding  on  a  commercial  scale  is  practicable  on  well- 
drained  areas  of  the  Volusia  loam  and  Volusia  stony  loam  and  over 
a  considerable  portion  of  the  Volusia  silt  loam  in  situations  with 
favorable  climatic  conditions. 

These  soils  constitute  some  of  the  cheapest  farm  lands  now  on  the 
market  in  the  Ignited  States,  and  their  selling  price  in  the  majority 
of  cases  is  below  their  actual  agricultural  value. 
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Fio.  1  .—A  VoLustA  Silt  Loam  Field. 
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Fio.  2.— An  Adjoining  Field  Showing  a  Good  Growth  of  Rye. 
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,— Abandoned  Fasm  Buildings  on  Volusia  Silt  Loam. 


A  Volusia  Silt  Loam  Farm  in  Sight  of  Those  Shown  in  Fig.  1 
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